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RISK  INVESTMENTS  IN  CHINA  DISCUSSED 

Tianjin  JISHU  SHICHANG  BAO  in  Chinese  22  Oct  85  p  1 

[Article  by  Kai  Jun  [0418  6511]:  ••Creating  a  Good  Environment  for  Risk 
Investments  in  China^^j 

[Text]  The  experience  of  many  countries  and  regions  in  the  world  proves  that 
risk  investment  is  an  effective  way  to  promote  the  development  and  application 
of  high  technology.  Pioneer  risk  investments  made  opportunely  will  have  a 
positive  effect  on  our  efforts  to  restructure  the  existing  scientific  and 
technical  system  and  the  way  we  manage  capital,  on  the  promotion  of  science 
and  technology  with  economic  mechanisms,  and  on  the  acceleration  of  the 
commercialization  of  high-tech  achievements. 

At  present  basic  conditions  already  exist  for  pioneer  risk  investments  in 
China.  First,  our  high  tech  has  reached  a  certain  level,  both  qualitatively 
and  quantitatively.  There  is  a  good  prospect  that  technical  achievements  will 
be  applied  and  an  industrial  economy  is  now  in  place.  Second,  a  trend  toward 
the  reasonable  movement  of  technical  personnel  has  appeared,  preliminarily 
forming  an  environment  in  which  experts  can  engage  in  industrial  pursuits. 
Third,  certain  coastal  areas  have  developed  a  relatively  advanced  socialist 
commodity  economy.  A  restructuring  of  the  industrial  system  is  currently  in 
full  swing,  particularly  the  technical  modernization  of  existing  enterprises. 
The  idea  of  pioneer  risk  investments  is  gradually  being  accepted  by  all  social 
quarters,  paving  the  way  for  the  raising  of  capital. 

It  should  be  noted  in  particular  that  clusters  of  high  tech  have  already 
appeared  in  an  embryonic  form  in  certain  cities  and  regions  in  the  country  and 
obtained  prominent  economic  results.  These  cities  and  regions  all  have  a 
strong  industrial  base  and  formidable  technical  resources.  They  are  highly 
accessible  and  have  a  fairly  advanced  transportation  sector.  They  are 
geographically  well  placed  to  attract  foreign  capital  and  obtain  foreign 
technical  information.  Most  important,  they  have  an  army  of  technical  and 
managerial  personnel  with  liberated  ideas  and  a  pioneering  spirit.  All  this 
has  laid  the  foundation  for  high-tech  risk  Investments  and  provides  a  market 
essential  to  their  flourishing. 

Pioneer  risk  investments  are  a  novelty  in  China.  Even  as  we  learn  from 
foreign  experience,  we  should  come  up  with  our  own  theories  and  detailed 
implementation  plan  suited  to  China^s  socialist  conditions. 
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Under  the  present  situation,  it  is  both  necessary  and  feasible  for  us  to 
establish  a  number  of  pioneer  risk  investment  entities.  They  should  not  form 
part  of  a  government  agency  but  should  enjoy  the  Independent  status  of  legal 
persons  and  function  as  autonomous  enterprises  responsible  for  their  own 
profits  and  losses.  Instead  of  relying  on  state  funding,  they  should  find 
their  own  means  of  existence  and  development  with  support  from  government 
policies.  They  should  raise  funds  from  a  variety  of  sources.  While  some  may 
come  from  the  government  appropriation  process,  most  should  be  Investments  by 
sectors  and  enterprises  and  money  paid  for  shares.  When  conditions  are  ripe, 
shares  can  be  sold  directly  to  individual  citizens  in  order  to  channel 
society's  idle  money  toward  the  development  of  high-tech  products.  During 
their  infancy,  risk  investment  entities  may  set  up  risk  enterprises  on  an 
experimental  basis  in  selected  localities.  Industries  and  sectors  which  have 
the  necessary  conditions.  These  pilot  projects  prepare  the  ground  for  future 
large-scale  risk  investments. 

The  primary  target  of  risk  Investments  is  small  and  medium-sized  enterprises, 
both  new  and  existing,  which  have  problems  raising  funds  through  the  regular 
channels  and  are  involved  in  the  production  of  hew  technical  products  and 
technical  modernization.  The  scope  of  risk  Investments  emphasize  the 
development  of  information,  biomicroelectronics,  new  materials  and  other  new 
technical  products  and  include  industrial  production  and  after-sale 
maintenance  services.  At  first  risk  investment  entities  may  focus  on  modest 
projects  which  yield  economic  results  within  a  short  period  of  time.  As  they 
mature,  they  may  gradually  consider  taking  up  larger  projects.  Given 
appropriate  conditions,  we  should  go  in  for  overseas  risk  investments  and  set 
up  branch  companies  or  offices  abroad  if  necessary.  We  should  organize  joint 
ventures  with  foreign  businessmen  and  enter  into  joint  production  with  them. 
This  is  an  important  means  of  solving  the  problem  of  lack  of  funds,  attracting 
advanced  technology  and  talent  from  abroad  and  expanding  economic  results.  In 
addition,  we  should  develop  policy  research  to  analyze  investment  trends  and 
come  up  with  recommendations  regarding  the  strategy  of  high-tech  developments 
at  home  and  abroad  and  the  approach  China  should  take.  We  should  set  up  a 
high-tech  information  network  to  provide  society  with  technical  services.  All 
relevant  units  should  be  brought  together  to  develop  managerial  personnel  to 
oversee  technical  investment  projects. 

Necessary  legislation  and  preferential  policies  are  the  guarantee  of  thriving 
risk  investments,  a  fact  borne  out  by  the  experience  of  many  countries  and 
regions.  To  promote  the  birth  and  growth  of  risk  investments  in  China, 
therefore,  the  government  should  adopt  preferential  policies  regarding,  say, 
taxes  and  loans,  to  create  a  favorable  Investment  cliraiate.  Once  good  policies 
are  in  place,  risk  investments  will  be  able  to  develop  healthily.  We  believe 
that  through  continuous  experimentation  and  exertion  to  improve  itself,  the 
enterprise  of  risk  investments  will  certainly  play  a  more  and  more  important 
role  in  China's  socialist  modernization. 
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TECHNICAL  SERVICES  MADE  AVAILABLE  TO  RURAL  SICHUAN 
Tianjin  JISHU  SHICHANG  BAO  in  Chinese  22  Oct  85  p  1 

[Article  by  Liu  Chongjia  [0491  6850  0857];  *'The  Reasonable  Mobility  of 
Technical  Personnel  Benefits  the  Countryside  in  Sichuan”] 

[Text]  Sichuan  Province  recently  organized  the  dispatch  of  scientific  and 
technical  personnel  to  the  countryside  in  six  ways,  which  has  proved  very 
effective  in  nurturing  the  development  of  small  and  medium-sized  rural  and 
township  enterprises,  promoting  the  reasonable  mobility  of  qualified  personnel 
and  stimulating  their  enthusiasm. 

The  six  approaches  are  as  follows.  First,  organizing  a  cooperative  network  of 
scientific  and  technical  personnel  to  bring  together  the  technical  resources 
of  various  military  industrial  enterprises,  large  key  enterprises,  research 
institutes  and  institutions  of  higher  education.  The  result  is  a  technical 
cooperative  contingent  which  embraces  a  full  array  of  disciplines.  The 
scientific  and  technical  cooperative  network  in  Chengdu  alone  has  completed 
205  technical  projects  for  the  outlying  counties,  which  translate  into  15 
million  yuan  in  economic  results.  Second,  technically  superior  enterprises 
can  enter  into  cooperative  agreements  with  localities  richly  endowed  with 
natural  resources  to  provide  assistance  geared  to  the  latter's  needs.  For 
instance,  Qingjiang  Meter  Company  in  Chengdu  has  signed  a  long-term  technical 
agreement  with  Xlnjin  County  which  is  of  mutual  benefit.  Third,  establishing 
various  forms  of  integrated  organizations.  Within  such  an  organization, 
technical  resources  are  allocated  in  a  centralized  way  and  technical  personnel 
can  make  themselves  useful  on  a  broader  scale.  Integrated  organizations  such 
as  dialing  Motorcycle  Co  and  Changqlng  Refrigerator  Co  have  all  obtained  good 
results.  Fourth,  setting  up  scientific  and  technical  service  organizations 
and  offering  consulting  services.  They  are  the  problem-solvers  of  small  and 
medium-sized  enterprises  and  have  great  vitality.  Fifth,  military  industrial 
units  and  institutions  of  higher  education  have  set  up  processing  bases  and 
Integrated  testing  bases  at  selected  sites.  The  Nanguang  Machine  Plant  in 
Chengdu,  for  example,  has  opened  a  glass  bottle  factory  in  Guanghan  County  to 
take  advantage  of  the  area's  ample  quartz  supplies.  The  machine  plant 
provides  technology  and  equipment.  Glass  bottles  produced  by  the  factory  are 
inexpensive,  of  good  quality  and  so  popular  that  it  cannot  keep  up  with 
demand.  Sixth,  lending  intellectual  support  to  one's  native  village. 
Scientific  and  technical  personnel  now  working  away  from  their  birthplaces  are 
mobilized  to  contribute  to  the  economic  takeoff  of  their  native  villages. 
This  approach  costs  little  but  is  highly  effective. 
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PROBLEMS  IN  TECHNOLOGY  TRANSFER  DISCUSSED 
Tianjin  JISHU  SHICHANG  BAO  in  Chinese  22  Oct  85  p  1 

[Article  by  Gao  Changwen  [7559  2490  2429]:  "Some  Problems  in  Technology 
Transfer"] 

[Text]  With  the  popularization  of  the  technical  market,  technology  transfer 
has  obtained  outstanding  results.  This  is  a  radical  change  from  the  past  when 
technical  achievements  were  merely  "samples,  gifts,  exhibits"  and  not 
"commodities."  Some  small  and  medium-sized  enterprises,  especially  those  in 
rural  areas  and  townships,  have  thus  been  able  to  make  some  headway  and  a  new 
round  of  technical  achievements  has  been  transformed  into  new  productive 
forces.  However,  a  number  of  problems  has  emerged  in  the  current  transfer  of 
technology  which  merit  our  attention. 

First,  the  pricing  of  technical  achievements  should  be  evaluated.  As  a  direct 
reaction  to  the  old  tendency  to  undervalue  technology,  we  now  let  buyers  and 
sellers  in  technology  transactions  negotiate  their  prices,  a  practice  which 
has  promoted  technology  transfer.  But  a  trend  has  appeared  toward 
overpricing,  with  sellers  often  demanding  exorbitant  prices.  Some  include  in 
their  costs  all  expenses  Incurred  by  the  research  and  development  of  their 
achievements,  including  the  expenses  of  personnel  not  directly  involved,  thus 
jacking  up  their  prices  to  such  a  level  that  they  end  up  pricing  themselves 
out  of  the  market.  While  this  may  give  the  superficial  impression  that 
technology  today  commands  higher  prices,  the  truth  is  that  the  value  of 
technology  has  not  been  realized.  It  is  therefore  necessary  for  the  seller  to 
have  a  pricing  standard  and  carry  out  reasonable  economic  accounting  so  that 
his  price  reflects  the  value  of  his  product  and  the  buyer  benefits  in  a 
visible  way.  Only  then  can  both  buyer  and  seller  gain  from  the  transaction. 

Second,  when  an  achievement  changes  hands,  it  should  be  accompanied  by  on-site 
technical  services.  In  technology  transfer,  it  is  not  enough  for  the  seller 
to  provide  the  buyer  with  blueprints  and  data.  The  transfer  of  an  achievement 
should  be  accompanied  by  the  dispatch  of  technical  personnel  to  offer  on-site 
technical  services  until  the  buyer  develops  the  capacity  for  independent 
production.  It  is  exactly  the  lack  of  technical  services  which  has  prevented 
some  rural  and  township  enterprises  from  integrating  the  technical 
achievements  they  have  purchased  into  their  production.  Their  resultant 
predicament  has  tarnished  the  reputation  of  the  technical  market. 
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Third,  the  two  parties,  buyer  and  seller,  should  assume  risks  jointly.  In 
light  of  their  present  economic  status,  it  makes  sense  for  small  and  medium¬ 
sized  enterprises  and  those  in  rural  areas  and  townships  to  enter  into  long¬ 
term  cooperation  with  units  which  are  technically  superior.  In  technical 
transactions,  sellers  try  to  maximize  their  gains  and  minimize  their 
liabilities.  This  tendency  makes  for  nervous  buyers  and  may  even  discourage 
potential  buyers.  A  better  approach  will  be  for  both  parties  to  undertake 
joint  development,  go  in  for  joint  production,  assume  risks  together  and 
become  long-term  partners.  In  this  way,  the  seller's  achievements  can  be 
widely  disseminated  while  the  buyer's  products  can  be  updated. 

Fourth,  technology  transfer  must  go  hand  in  hand  with  feasibility  analyses  and 
technical  planning  and  demonstrations.  To  find  out  whether  or  not  a 
particular  achievement  can  be  rapidly  transformed  into  productive  forces  in  a 
certain  locality,  we  must  do  a  feasibility  study,  involve  both  the  buyer  and 
seller  in  verifying  the  technical  plan  and  conduct  a  realistic  analysis  around 
such  aspects  as  supply,  production  and  marketing.  Specific  issues  to  be 
examined  include  resources,  raw  materials,  qualified  personnel,  technical 
resources,  markets,  supply-demand  trends,  capital  and  management.  A  practical 
technical  plan  should  then  be  drawn  up  for  implementation  on  the  basis  of  such 
an  analysis.  If  we  jump  on  the  bandwagon  blindly,  we  will  only  end  up  in  a 
passive  situation  and  suffer  financial  losses. 

Fifth,  the  control  of  technology  transfer  must  be  strengthened.  As  the 
technical  market  flourishes  and  becomes  widespread,  there  must  be  appropriate 
control  mechanisms  to  facilitate  its  healthy  development.  Every  province, 
municipality  and  district  must  have  a  centralized  functional  agency  or  unit 
whose  task  is  to  bring  about  control,  and,  by  continuously  summing  up 
practical  experience,  perfect  the  system  over  time. 

12581 

CSO:  4008/2028 


5 


‘^PRS*‘CST-86-003 

27  January  1986 


NATIONAL  DEVELOPMENTS 


PRIVATE  SCIENTIFIC  RESEARCH  THRIVING  IN  GANSU 
Tianjin  JISHU  SHICHANG  BAO  in  Chinese  22  Oct  85  p  1 

[Article  by  Ma  Tiancai  [7456  1131  1752]:  "Survey  on  Private  Scientific 
Research  Organizations  in  Gansu"] 

[Text]  As  the  restructuring  of  the  economic  and  scientific  and  technical 
systems  become  more  thoroughgoing,  a  new  scientific  and  technical  force  -- 
private  scientific  research  organizations  —  is  on  the  rise.  Judging  by  the 
results  of  a  survey  on  such  organizations  in  Gansu,  there  are  three  reasons 
they  have  been  able  to  flourish.  First,  the  nation's  economic  structure  which 
allows  the  coexistence  and  simultaneous  development  of  various  economic  forms 
and  operational  styles  provides  the  prerequisite  for  their  existence  so  that 
they  logically  become  an  organic  part  of  it.  Second,  China's  technical  market 
is  maturing  gradually,  generating  a  demand  for  new  products  and  information 
and  calling  upon  a  host  of  dedicated  scientific  and  technical  personnel  to 
engage  in  the  production  and  development  of  technical  products.  This  makes 
possible  the  rise  of  private  scientific  research  organizations.  Third,  as  the 
movement  of  qualified  personnel  picks  up,  they  can  select  their  jobs  through 
such  procedures  as  transfer,  hiring,  resignation  and  no-pay  leave  of  absence, 
creating  a  nurturing  environment  for  private  scientific  research. 

According  to  the  survey  on  13  private  research  organizations  in  Gansu,  over 
half  of  them  have  obtained  outstanding  economic  results.  Weixing  Applied 
Electronics  Research  Institute  in  Lanzhou  is  a  private  organization  founded  by 
eight  technicians  whose  talents  and  expertise  were  unexploited  in  the  past. 
After  setting  up  the  institute,  they  each  came  into  their  own  and  assumed 
important  tasks.  It  took  just  15  days  to  build  a  small  television  projector 
for  an  open  transmission  system  for  broadcast  and  Instruction  and  has  already 
received  orders  for  15  such  machines,  which  upon  delivery  will  net  a  profit  of 
4,500  yuan.  The  privately-run  software  scientific  research  institute  helped 
Anning  Auto  Parts  Factory  develop  systems  engineering  management.  As  a 
result,  the  factory's  circulating  fund  turnover  period  was  shortened,  the 
costs  of  single  parts  and  waste  were  reduced  and  output  value  and  profits  rose 
10-fold  and  19-fold  respectively  over  the  pre-systems  engineering  management 
period. 

Though  still  in  their  infancy,  China's  private  scientific  research 
organizations  have  already  captured  public  attention  with  their  special 
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features  and  functions.  Judging  by  Gansu's  research  organizations,  we  can 
summarize  their  managerial  characteristics  as  voluntary  association,  freedom 
to  pick  their  own  management  team,  financial  independence,  self-management, 
operational  autonomy,  responsibility  for  their  own  profits  and  losses  and 
independent  accounting.  Such  characteristics  mean  that  these  organizations 
follow  a  new  guiding  Ideology  and  personnel  policies  and  have  flexible 
management  and  strong  adaptability.  A  high  proportion  of  their  achievements 
are  put  to  use  with  good  economic  results.  They  are  contributing  to  economic 
construction  in  a  way  that  state-run  scientific  research  institutes  cannot. 
Their  professional  guiding  ideology  indicates  that  they  are  mainly  oriented 
toward  small  and  medium-sized  enterprises  and  those  in  rural  areas  and 
townships.  They  usually  tackle  projects  shunned  by  their  state-run 
counterparts.  Take  Jincheng  Special  Instrument  Research  Institute  in  Gansu, 
for  instance.  It  was  exactly  its  realization  of  the  fact  that  large  meter 
plants  and  state-run  research  institutes  are  not  suited  to  develop  isotope 
meters  that  prompted  it  to  enter  this  field  of  research  and  development.  In 
the  3  months  since  the  institute  came  into  being,  it  has  formally  hired 
part-time  engineers  and  signed  agreements  with  22  research  organizations, 
factories  and  enterprises  across  the  nation  to  provide  radioactive  sources, 
machining,  raw  materials,  components  and  marketing  services.  So  far  it  has 
received  orders  for  50  machines  and  expects  to  assemble  10  to  15  isotope 
meters  by  the  end  of  the  year. 

Private  scientific  research  organizations  are  a  novelty  in  our  scientific  and 
technical  reform.  Like  a  young  seedling,  they  need  both  external  support  and 
inner  vitality  to  grow.  If  the  current  problems  of  private  scientific 
research  organizations  in  Gansu  are  any  indication,  our  tax  policy  still  lacks 
uniformity  and  political  parties  and  other  organizations  have  no  place  to  rely 
on.  Moreover,  it  is  uncertain  where  permission  for  external  technical 
exchanges  can  be  obtained.  The  departments  concerned  must  come  up  with 
concrete  solutions  to  these  and  other  problems. 

12581 

CSO:  4008/2028 


7 


JPRS-CST-86-003 
27  January  1986 


NATIONAL  DEVELOPMENTS 


RECRUITMENT  OF  S&T  PERSONNEL  FROM  THIRD  FRONT  REGIONS  BANNED  .. 

Tianjin  JISHU  SHICHANG  BAO  in  Chinese  22  Oct  85  p  1 

[Text]  The  Office  of  the  State  Council  and  the  Office  of  the  Central  Military 
Commission  recently  issued  a  joint  circular  reiterating  the  ban  on  recruiting 
scientific  and  technical  personnel  from  third  front  hardship  areas. 

The  circular  points  out,  "In  the  2  years  since  the  State  Council  issued  the 
•Regulations  Concerning  the  Reasonable  Movement  of  Scientific  and  Technical 
Personnel,*  various  regions  and  departments  have  done  a  lot  of  work, 
accumulated  a  fair  amount  of  experience  and  obtained  some  achievements  in 
promoting  the  reasonable  movement  of  scientific  and  technical  personnel  and 
making  full  use  of  them.  However,  there  are  still  some  regions  and 
departments  which,  in  violation  of  government  regulations,  go  to  the  third 
front  hardship  regions  at  will  to  recruit  qualified  personnel.  Ignoring  the 
"five  requirements"  (for  administrative  letters  of  Introduction,  wage 
relations,  residence  registration,  grain  and  oil  and  party,  league  and  other 
organizational  affiliation).  This  wrong  practice  exacerbates  the  brain  drain 
from  those  regions.  There  have  been  frequent  instances  in  which  technicians 
left  their  posts  without  notice,  adversely  affecting  the  stability  of  the 
scientific  and  technical  contingent  on  the  third  front.  If  measures  are  not 
promptly  taken  to  correct  the  situation,  restructuring  efforts  and  the 
accomplishment  of  further  tasks  in  the  strategic  rear  areas  will  be  impeded. 

For  this  reason,  the  circular  reiterates  that  all  regions  and  departments  must 
not  approach  scientific  research,  production  and  teaching  units  at  the  third 
front  to  recruit  their  technical  personnel.  The  movement  of  scientific  and 
technical  personnel  at  the  third  front  must  proceed  under  effective  leadership 
and  in  accordance  with  a  plan.  When  a  scientific  worker  wants  to  be 
transferred,  he  must  apply  to  the  organization  with  cadre  management 
jurisdiction  and  finalize  all  handing-over  procedures  before  he  can  leave. 
Leave  without  notice  is  prohibited.  Cases  involving  people  who  have  left 
without  notice  must  be  carefully  handled  by  the  various  regions  and 
departments  concerned  on  a  case-by-case  basis.  A  person  who  has  graduated 
from  college  or  secondary  technical  school  since  1982  must  be  firmly  returned 
to  his  original  unit.  When  the  individual  in  question  graduated  before  1982, 
he  should  be  returned  to  his  original  unit  whenever  possible  if  his  change  of 
job  is  unjustifiable  and  his  position  in  the  old  unit  matches  his  expertise. 
This  requires  close  cooperation  between  the  hiring  agency  and  the  original 
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unit  and  an  effort  to  educate  the  worker  ideologically.  The  original  unit 
should  welcome  him  back  warmly  and  must  not  discriminate  against  him.  In 
cases  where  the  change  of  job  is  justifiable  and  where  the  original  unit  can 
dispense  with  the  services  of  the  departed  worker,  transfer  procedures  should 
be  carried  out  retrospectively  upon  agreement  by  both  sides. 
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SIGNIFICANCE  OF  TECHNOLOGY  MARKET  DISCUSSED 

Tianjin  KEXUEXUE  YU  KEXUE  JISHU  GUANLI  [SCIENTIOLOGY  AND  MANAGEMENT  OF  S  &  T] 
in  Chinese  No  9,  12  Sep  85  p  1 1 

[Article  by  Chang  Shijia  [25^5  1102  136?]:  "The  Significance  of  the  Technology 
Market"] 

[Text]  The  development  of  China's  technology  market,  from  its  birth  to  its 
present  boom,  has  been  almost  explosive.  Within  a  very  short  period  of  time, 
it  has  already  shown  its  awesome  power. 

1.  Helps  heighten  the  entire  people's  appreciation  of  technical  achievements. 

In  the  past,  the  technical  research  achievements  of  scientific  research  units 
were  perpetually  Ignored,  rejected  by  production  units  even  when  they  were 
delivered  to  their  door  step.  Now  they  are  hot  properties,  much  sought  after 
by  factories  and  enterprises.  Many  production  units,  undeterred  by  vast 
distances,  scout  the  technology  market  for  achievements  and  are  willing  to  pay 
massive  sums  of  money  for  them.  People  have  learned  from  experience  that  all 
economic  competition  today  boils  down  to  technical  competition.  Whoever  gets 
hold  of  technology  can  produce  good  products.  The  more  vital  enterprises 
become,  the  more  fierce  their  competition,  and  the  more  urgent  their  demands 
for  science  and  technology  will  be. 

2.  Effectively  promotes  the  popularization  and  application  of  advanced 
technical  achievements. 

In  the  past,  many  technical  achievements  were  invented  or  discovered  only  to 
be  pigeonholed  and  remained  "gifts,  samples,  exhibits'?  for  an  extended  period 
of  time.  Today  the  technology  market  finds  a  home  for  them,  thereby  effecting 
the  four  transfers  (from  the  laboratory  to  the  production  line,  from  military 
use  to  civilian  use,  from  coastal  areas  to  the  interior,  and  from  large  cities 
to  small  and  medium-sized  cities)  and  soon  converting  them  into  tangible 
productive  forces.  Production  problems  which  previously  proved  intraotable 
because  of  a  lack  of  know-how  are  now  readily  solvable  through  bidding  in  the 
technology  market. 


3*  Changes  the  rigid  system  of  scientific  management  by  administrative  decree. 

The  research  plans  of  scientific  research  units  and  colleges  and  universities 
used  to  be  handed  down  by  the  higher  authorities.  Even  projects  which  were 
clearly  at  odds  with  practical  needs  must  be  completed.  Today»  scientific 
research  departments  engage  in  a  direct  "dialogue”  with  the  users  of  their 
products  and  enjoy  access  to  information,  which  enables  them  to  respond 
expeditiously  and  reorient  their  research  in  accordance  with  the  principle, 
"scientific  research  must  produce  the  kind  of  results  the  market  wants  and 
serve  economic  development."  In  this  way,  they  can  devote  themselves  to 
tangible,  practical  scientific  projects  which  contribute  to  the  nation's 
economic  results  within  the  shortest  time  possible. 

4.  Helps  banish  to  history  the  old  system  in  which  funding  for  scientific 
research  was  "supplied  by  the  state"  and  cost-benefit  considerations  were 
discounted.  Scientific  research  units  have  further  enhanced  their  economy- 
mindedness  and  sense  of  social  responsibility.  They  have  joined  hands  with 
production  departments  to  form  an  organic  entity  whose  components  share  a 
common  fate. 

5.  Gradually  buts  an  end  to  the  depressed  incomes  of  scientific  research  units 
and  personnel.  '  - 

In  the  past,  scientific  research  units  and  institutions  of  higher  education 
oftent"financed  the  popularization  of  new  achievements  out  of  their  own 
pockets."  Nowadays,  not  only  are  scientific  achievements  made  over  with 
compensation,  but  the  tendency  to  underprice  technical  commodities  has  also 
been  reversed. :  in  the  process^  the  income  of  scientific  research  units  and 
personnel  has  .gone  up.  Which  helps  boost  the  creativity  and  enthusiasm  of 
scientific  research  personnel  to  come  up  with  more  and  better  results  faster. 

6;  Bridge  the  gaps  which  used  to  separate  department  from  department,  region 
from  region.  It  has  strengthened  horizontal  coordination  and  connections  and 
promoted  the  development  of  scientific  research  work  in  a  social  direction. 

7.  Helps  abolish  the  old  habit  among  scientific  research  units  and  personnel 
of  "eating  out  of  the  same  big  rice  pot."  The  technology  market  encourages 
competition,  awards  the  hardworking,  penalizes  the  Indolent  and  is  the  driving 
force  behind  the  further  growth,  in  scope  and  in  depth,  of  technical 
development,  research,  applications  and  popularization.  It  also  encourages 
scientific  research  personnel  to  continuously  upgrade  their  professional 
standard  and  adaptability. 

8.  Enhances  the  role  science  and  technology  play  in  decision-making  and 
intensifies  the  sense  of  urgency  in  decision-making  departments  and  among 
decision-makers  about  relying  on  science  and  technology  for  economic 
construction  The  development  of  the  technology  market  will  also  make 
decision-making  departments  and  their  people  strengthen  their  leadership  and 
interest  in  scientific  research  and  researchers. 

9.  Facilitates  the  further  implementation  of  the  policy  on  intellectuals, 
improves  the  social  position  and  working  and  living  conditions  of 
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intellectuals  and  promotes  "the  mobility  of  expertise"  and  the  movement  of 
qualified  personnel. 

10.  The  development  of  the  technology  market  helps  bring  closer  the  day  when 
our  people  will  part  company  with  ignorance  and  benightedness,  with  decayed 
ideas  of  looking  down  on  knowledge  and  mental  workers.  It  helps  cultivate  a 
new  atmosphere  of  respect  for  knowledge  and  educated  people,  attract  more 
committed  people  to  scale  the  heights  of  knowledge  and  promote  our  scientific 
and  technical  enterprise  and  economic  construction. 

In  short,  the  development  of  the  technology  market  has  special  and  profound 
implications  for  the  comprehensive  restructuring  of  the  nation’s  economic 
system  currently  under  way. 
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NATIONAL  DEVELOPMENTS 


SCIENCE  COMMISSION  ON  COMMERCIALIZATION  OF  TECHNOLOGY 

Tianjin  KEXUEXUE  YU  KEXUE  JISHU  GUANLI  [SCIENTIOLOGY  AND  MANAGEMENT  OF  S&T]  in 
Chinese  No  9,  12  Sep  85  p  2 

[Article  by  Guo  Shuyan  [6753  2885  6056];  "New  Trends  in  the  Technology 
Market”] 

[Text]  The  basic  principle  of  the  restructuring  of  the  scientific  and 
technical  system  as  laid  down  by  the  CPC  Central  Committee  is  to 
conscientiously  apply  socialist  commodity  economic  laws  and  the  market 
mechanisms  in  accordance  with  the  objective  principles  of  economic  and 
scientific  development  in  order  to  achieve  a  close  integration  between  science 
and  technology,  on  the  one  hand,  and  the  economy,  on  the  other.  The  slogan 
"Take  grains  as  the  key  link"  was  chanted  for  years,  yet  our  grains  problems 
have  not  been  solved.  The  same  is  true  for  the  relations  between  science  and 
technology  and  the  economy.  More  than  30  years  of  experience  tells  us  that  if 
we  ignore  commodity  currency  relations  and  the  law  of  value,  we  cannot  do  our 
job  well  and  may  end  up  with  half  the  results  despite  twice  the  effort. 

The  reasons  why  we  must  commercialize  technology  and  go  all  out  to  develop  the 
technology  market  are  to  change  the  operational  mechanisms  of  technical 
relations  and  speed  up  the  popular  application  of  technical  achievements. 
Therefore  the  technology  market  is  crucial  in  the  present  scientific  and 
technical  reform. 

At  the  national  trade  fair  held  this  March,  8  billion  yuan  worth  of  business 
deals  were  discussed,  the  amount  of  business  done  amounted  to  2.1  billion  yuan 
and  purely  technical  income  was  700  million  yuan,  indicating  that  the 
commercialization  of  technology  has  entered  a  new  stage.  At  present  the 
technology  market  exhibits  the  following  new  trends  and  characteristics; 

(1)  projects  in  the  national  plan  are  beginning  to  enter  the  technology 
market.  For  example,  the  Beijing  municipality  invited  tenders  for  two  batches 
of  projects  at  the  technical  trade  fair  and  picked  domestic  units  to  undertake 
some  of  them.  In  this  way,  technical  development  was  promoted,  foreign 
exchange  was  saved  and  a  duplication  of  imports  was  avoided; 

(2)  there  has  been  a  substantial  increase  in  the  number  of  general  contracting 
(turnkey)  projects; 
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(3)  research  units  have  been  linking  up  with  enterprises  for  cooperative 
development  and  joint  operations,  their  investments  being  their  know-how; 

(4)  practical  technology  is  becoming  more  and  more  popular; 

(5)  the  technology  market  is  nurturing  economic  growth  in  old  liberated  areas, 
regions  inhabited  by  minorities  and  border  areas  with  suitable  technology; 

(6)  banks  and  the  financial  community  are  entering  the  technology  market. 

Concerning  the  technology  market,  some  comrades  still  fear  that  the 
commercialization  of  technology  will  steer  all  scientific  and  technical 
personnel  toward  projects  which  are  short-term  and  yield  quick  results,  with 
adverse  effects  on  key  projects  and  long  and  medium-term  scientific  research 
tasks.  Through  command  planning,  the  state,  industries  and  localities  will  do 
their  best  to  ensure  that  this  will  not  happen.  We  must  further  improve  our 
system  of  incentives:  all  other  things  being  equal,  scientific  researchers 
engaged  in  projects  in  the  national  plan  should  not  be  paid  less  than  their 
counterparts  working  on  horizontal  contracts. 

Certainly  the  technical  trade  today  still  has  some  problems,  eg.,  the  theft  of 
achievements,  the  dearth  of  intermediaries,  lack  of  a  pricing  standard  and  the 
breaking  of  contracts  before  they  expire. 

Not  long  ago,  the  State  Council  approved  the  establishment  of  the  national 
technology  market  coordination  leading  group  under  the  leadership  of  the  State 
Science  and  Technology  Commission.  Its  major  functions  are:  1)  establish  and 
perfect  a  legal  system  regulating  the  technology  market,  eg.,  technology 
market  management,  technical  contract  law,  and  a  provisional  statistical 
system  for  technical  trade;  2)  formulate  effective  and  supportive  policies  and 
measures  in  such ; areas  as  prices,  tax,  credit  and  distribution;  and  3) 
successfully  manage  the  relations  between  the  state,  the  collective  and  the 
individual  in  the  distribution  of  profits  so  as  to  stimulate  the  enthusiasm  of 
the  buyer,  seller  and  the  middleman  and  protect  their  legitimate  rights  and 
interests.  The  coordination  group  intends  to  put  the  technology  market  on  the 
right  track  in  a  few  years*  time. 

(This  is  an  excerpt  of  Comrade  Guo  Shuyan's  speech  at  the  working  conference 
on  the  restructuring  of  the  scientific  and  technical  system  in  Tianjin.  It  is 
based  on  notes  taken  at  the  meeting  and  has  not  been  read  or  approved  by  him). 
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SCIENTIFIC  RESEARCH  THRIVING  AT  XIAN  JIAOTONQ  UNIVERSITY 

Beijing  RENMIN  RIBAO  [Overseas  Edition]  in  GhinSSS  11  Nov  85  p  1 

[Aif-tiole  by  Ma  Jiqi  [7456  71 62  '38231  arid  ZHarig  Guangqiang  [  1728  0342  1730]: 
t'The  Open  Door  Policy  Has  Breathed  Life  into  Xian  Jiaotong  University"] 

[Text]  In  an  interview  with  reporters  recently,  Professor  Shi  Weixiang  [0670 
4850  4382],  president  of  Xian  Jiaotong  University,  said  that  the  open  door 
policy  and  international  academic  exchanges  have  irijected  vitality  into  this 
Old  university.  '  ■  '  -  1='  ' 

From  1979  to  the  present,  Xian  Jiaotong  University  has  so  far  established 
intSrcollegiate  delations  with' 28^ uhiVersities  in  7  nations.  During  the  same 
period  over  280'  of  its  faculty  -and  staff  members  hSve  lectured  abroad  or  been 
Invited  to  attend  international  academic  conferences. 

Xian  Jiaotong  University  grew  but  of  Nanyang  School  founded  in  1896.  After 
the  1911  revolution, ‘  it  was  rehamed  Nanyang  University  and  acquired  the  new 
name  of  Xiaotong  University  in  1921.  A' lahge  part  of  it  was  moved  to  Xian  in 
1956,  hence'  its  present  name,  Xian  Jiaotong  University.  Its  alumni  are 
scattered  throughout  the  U.S.,=Euriope  and  varioUs  Asian  nations  and  Jiaotong 
alumni  associations  6an  be  found  in  the  U.Sv,  Canada,  Britain,  Japan  and  the 
Hong  Kong  region:  '  '  ; 

The  president  said  that  in  order  to  improve  teaching  quality,  the  university 
in  recertt  years  has  invited  oVer  3,000  foreign  professbrs  and  scholars  to 
Jiaotong  to  conduct  academic  exchanges  and  appointed  67  well-known  scholars  as 
honorary  professors  or  consulting  professors.  These  celebrity  scholars  have 
brought  to  the  university  the  latest  technical  information  in  the  world  and 
enriched  the  substance  of  its  teaching. 

Meanwhile,  Xian  Jiaotong  University  has  successively  sent  410  teachers  and 
graduate  students  abroad  for  further  studies.  Those  among  them  who  are 
pursuing  master's  and  doctoral  degrees  account  for  one  quarter  of  the 
university’s  entire  teaching  staff. 

So  far  160  have  completed  their  studies  and  returned  to  the  university  and 
now  constitute  the  backbone  of  its  teaching  and  research  contingent. 
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President  Shi  Weixiang  said,  "As  international  academic  exchange  activities 
and  educational  reform  become  more  sophisticated,  Xian  Jiaotong  University's 
teaching  and  scientific  research  work  have  also  obtained  gratifying  results. 
Since  1979,  the  university  has  completed  a  total  of  1,200  scientific  research 
projects  and  come  up  with  350  scientific  research  achievements,  of  which  43 
reach  or  approach  advanced  international  levels." 

The  university  already  has  18  fields  of  study  authorized  to  award  doctoral 
degrees. 

12581 
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OPENING  UP  TECHNOLOGY  MARKET  IN  SHAANXI  DISCUSSED 
Tianjin  JISHU  SHICHANG  BAO  in  Chinese  29  Oct  85  p  1 

[Article  by  Wang  Tingxiang  [3076  169*1  M161]:  "The  Technology  Market  Bridges 
the  Gap  between  Science  and  Technology  and  Economy  in  Shaanxi"] 

[Text]  Institutions  of  higher  education  and  research  units  in  Shaanxi 
Province  are  among  the  nation's  leaders  both  qualitatively  and  quantitatively. 
At  the  first  national  trade  fair,  although  most  colleges,  universities  and 
research  institutions  entered  as  part  of  the  Ministry  of  Education  or  the 
departments  in  charge  so  that  their  trade  volume  was  not  reflected  in  the 
figures  for  Shaanxi,  the  province  still  managed  to  rank  third  among  the 
nation’s  29  provinces,  municipalities  and  autonomous  regions.  However, 
Shaanxi’s  economic  performance  ranges  from  poor  to  mediocre.  Our  technical 
achievements  are  not  put  to  good  use  within  the  province  but  are  accepted  and 
applied  in  coastal  cities,  with  excellent  results.  A  major  reason  is  the 
communication  gaps  in  the  province,  particularly  in  remote  mountain  areas. 
There  are  better  communications  between  Xian  and  the  coastal  cities  than 
within  the  province. 

How  can  we  solve  the  above  difficulties?  After  the  technology  market  began  to 
flourish  across  the  nation,  Shaanxi  too  has  found  a  specific  answer  to  its 
problems,  namely,  aggressively  develop  the  technology  market,  mobilize  the 
entire  province’s  technical  forces  to  take  an  active  part  in  the  province’s 
technology  market,  strengthen  communications  within  the  province,  and  clear  up 
channels  which  have  been  clogged  for  many  years.  This  approach  promises  to 
bridge  the  unreasonable  technical  and  economic  gaps  in  the  province  and  go  a 
long  way  toward  promoting  Shaanxi’s  economy  and  the  technical  advance  of  its 
enterprises. 

Even  as  we  develop  our  technology  market,  we  should  open  our  eyes  to  the  fact 
that  Shaanxi  has  a  relatively  weak  economic  base  and  limited  financial 
resources,  making  it  necessary  for  us  to  limit  our  purchases  of  technical 
achievements  to  what  we  can  afford.  We  must  first  realize  that  the  mere 
purchase  of  an  achievement  does  not  turn  it  into  productive  forces.  Other 
costly  Investments  are  needed,  for  instance,  to  pay  for  equipment  and 
installations.  We  must  also  have  available  adequate  circulating  funds  to  buy 
raw  materials  and  other  production  essentials.  These  miscellaneous 
Investments  far  exceed  the  cost  of  scientific  achievements.  Moreover,  some 


17 


achievements  may  be  very  advanced  and  produce  outstanding  economic  results. 
But  we  still  need  a  considerable  number  of  technical  personnel  to  work  on 
them,  something  probably  beyond  the  capability  of  small  enterprises.  In 
shopping  for  technical  achievements,  therefore,  we  must  take  into 
consideration  various  factors  such  as  the  resource  characteristics  of  the 
locality,  its  financial  state,  its  market  and  the  enterprise's  own  ability  to 
digest  an  achievement,  and  do  some  hard  thinking.  The  seller  too  should  be 
honest  about  what  his  achievement  can  do  and  help  his  customer  turn  out  good 
products  so  that  every  deal  will  lead  to  a  success  story.  In  this  way,  the 
technology  market  can  act  as  a  real  intermediary  between  buyers  and  sellers 
and  the  economic  takeoff  in  Shaanxi  will  not  be  far  off. 

12581 
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TECHNOLOGY  ASSESSMENT  REVIEWED 

Shanxi  JISHU  JINGJI  YU  GUANLI  YANJIU  [RESEARCH  ON  THE  ECONOMICS  AND  MANAGEMENT 
OF  TECHNOLOGY]  in  Chinese  No  A,  31  Aug  85  pp  35-37 

[Article  by  Huang  Qingming  [7806  2348  2494]] 

[Text]  I.  The  Presentation  of  Issues 

The  challenge  of  the  new  technological  revolution  we  face  is  not  limited  to  the 
area  of  science  and  technology  [S&T] .  It  is  also  an  economic  and  social  chal¬ 
lenge  as  well  as  opportunity.  Therefore,  consolidated  measures  covering  science, 
technology,  economy  and  society  should  be  studied. 

The  first  issue  in  developing  new  technology  is  the  purpose.  Why  do  we  want  to 
develop  new  technology?  The  answer  differs  with  different  social  systems.  From 
the  economic  point  of  view,  the  function  of  technology  is  to  create  use  value. 
However,  at  different  historical  periods,  each  class  has  its  own  different  value 
orientations.  So  it  cannot  be  concluded  that  all  new  technologies  are  good 
technologies  and  that  those  technologies  successfully  applied  in  other  nations 
are  the  ones  we  should  also  develop.  In  studying  measures  for  the  new  techno¬ 
logical  revolution,  the  primary  question  is  "what  is  the  fundamental  goal  of 
our  technology  development?". 

Technology  development  is  not  our  goal.  Our  goal  is  to  revitalize  our  economy 
and  cause  our  society  to  flourish.  Stalin  interpreted  the  basic  economic  rules 
of  socialism  this  way:  to  guarantee,  on  the  basis  of  high  level  development  of 
technology,  that  the  material  and  cultural  needs  of  economic  growth  for  the 
whole  society  be  maximally  satisfied  by  constantly  increasing  and  perfecting 
socialist  production.  So  it  is  obvious  that  technology  development  is  just  the 
means  and  the  ultimate  goal  is  to  raise  the  living  standard  of  the  people. 

It  is  agreed  that  technology  developments  have  far-reaching  and  profound  impact 
on  society  and  the  economy,  both  positive  and  negative.  Thus,  the  study  of 
the  measures  for  the  new  technological  revolution  should  not  be  limited  to  the 
technology  itself.  Rather,  the  relationship  of  technology  with  economy  and 
society  should  also  be  considered.  If  we  simply  transplant  technologies  from 
the  developed  countries,  then  it  will  create  more  problems  than  it  solves.  Since 
the  end  of  World  War  II,  the  majority  of  the  third-world  countries  have  suffered 
setbacks  in  their  efforts  to  advance  their  economies.  One  of  the  deciding 
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factors  is  their  lack  of  technology  assessment  capability  so  that  practical, 
feasible  technological  strategies  can  not  be  formulated  and  a  coordinated 
development  of  S&T,  economy  and  society  becomes  impossible. 

Our  party  and  goverment  have  set  the  policy  of  developing  S&T  in  coordination 
with  the  development  of  the  economy  and  society.  To  realize  this  correct 
policy  and  to  develop  the  best  technologies,  one  important  link  is  to  develop 
"technology  assessment." 

II  The  Emergence  of  Technology  Assessment 

The  background  for  the  emergence  of  technology  assessment  is  the  extremely 
rapid  development  of  technology  that  becomes  more  widespread  and  more  compli¬ 
cated  every  day.  Its  impact  on  the  economy,  society  and  ecological  environ¬ 
ment  is  far  more  than  nature  and  mankind  can  cope  with.  The  advances  in  S&T 
have  greatly  reduced  the  lag  from  the  discovery  or  invention  of  technology  to 
the  introduction  of  products.  At  the  same  time,  the  advance  of  technology 
also  makes  it  possible  to  assess  the  danger  of  technology  abuses  at  the  early 
stage.  In  order  to  avoid  blindly  developing  technology,  it  is  necessary  to 
control  and  manage  the  development  of  technology  and  to  establish  S&T  policy 
so  that  technologies  can  be  guided  toward  the  direction  of  bringing  benefits 
to  mankind. 

In  1966,  the  Subcommittee  on  Scientific  Research  and  Development  of  the  Con¬ 
gressional  Science  and  Technology  Committee  of  the  United  States  pointed  out 
that  the  new  S&T  would  bring  not  merely  benefits  so  it  was  necessary  to  look 
out  for  potential  dangers.  It  demanded  the  implementation  of  "technology 
assessment."  Japan  and  European  countries  have  responded  strongly  to  tech¬ 
nology  assessment.  In  1972,  the  United  States  Congress  passed  the  Technology 
Assessment  Bill  and  the  Technology  Assessment  Committee  and  its  operating  arm, 
the  Office  of  Technology  Assessment,  were  established  as  mandated  by  the  law. 

E.  Daddario,  the  Chairman  of  the  Scientific  Research  and  Development  Committee 
of  the  United  States,  has  made  the  following  remark  on  technology  assessment: 
"Technology  assessment  is  a  kind  of  policy  study  that  provides  policy  makers 
balanced  assessments.  An  ideal  technology  assessment  must  be  such  an  assess¬ 
ment  system  that  it  provides,  accurately  and  promptly,  good  answers  to 
problems . " 

The  Science  and  Technology  Agency  of  Japan  has  defined  technology  assessment 
as:  "to  evaluate  the  guidance  of  S&T  toward  the  direction  of  working  for  the 

well-being  of  and  making  contributions  to  the  people.  Specifically,  along 
with  the  applications  of  S&T,  it  is  to  forecast  their  impact  on  the  mankind, 
society  and  nature  and  to  assess  their  positive  or  negative  impact  and  point 
out  a  direction  for  S&T." 

Along  with  the  widespread  practice  of  technology  assessment,  the  meaning  of 
technology  assessment  is  ever  expanding.  From  a  generalized  point  of  view, 
technology  assessment  consists  of  three  parts,  i.e.,  the  concept  of  technology, 
the  assessment  of  technology  and  the  management  of  technology.  The  concept  of 
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technology  means  the  establishment  of  value  orientation  toward  technology.  The 
original  purpose  of  developing  technology  is  to  bring  benefits  to  mankind  and 
to  raise  the  living  standard  of  the  people.  The  assessment  of  technology  is  to 
establish  analysis  and  evaluation  protocols  for  assessing,  based  on  the  value 
orientation  of  technology,  the  impact  of  technology  on  nature  and  society  and 
to  make  them  applicable  to  the  assessment  of  different  technologies.  The  man¬ 
agement  of  technology  is  to  take  measures,  based  on  the  value  orientation  of 
technology  and  the  conclusions  of  the  technology  assessment,  to  insure  that 
technologies  are  developing  toward  benefiting  mankind  and  society.  In  a  narrow 
sense,  technology  assessment  only  means  the  assessment  of  technology  by  the 
various  methods  of  technology  assessment. 

Generally  speaking,  the  social  functions  of  technology  assessment  include  fore¬ 
casting,  alert  and  decision-making  consultation.  If  all  the  consequences  of 
applying  a  technology  are  understood  and  its  hazards  known  during  the  develop¬ 
ment  of  the  technology  or  before  its  utilization,  the  development  of  the  tech¬ 
nology  can  be  correctly  guided  and  its  correct  usages  recommended.  To  assess 
the  pros  and  cons  of  S&T  and,  when  there  is  the  possibility  of  malignant 
effect,  to  take  remedial  measures  or  to  minimize  the  pffect  are  the  subjects 
technology  assessment  deals  with.  Furthermore,  technology  assessment  has  to 
closely  align  technology  selection  with  the  S&T  policy  of  the  individual  coun¬ 
try.  It  is  to  ascertain  what  direction  of  technology  development  the  country 
shall  take,  what  technologies  shall  be  imported  in  the  move  toward  that  direc¬ 
tion,  how  to  manage  the  imported  technologies,  and  what  kind  of  research  and 
development  shall  be  carried  out.  Technology  assessment  can  have  various  in¬ 
fluences  on  the  S&T  policy  of  a  nation  and  it  provides  the  basis  for  the  for¬ 
mulation  of  S&T  policy. 

The  task  of  technology  assessment  is  to  make  the  objective  analysis  of  the  new, 
difficult  and  often  highly-technical  problems.  It  studies  the  complicated 
issues  involving  S&T  and  presents  all  possible  alternatives,  including  policy 
choices,  and  their  potential  effects.  In  order  to  have  accurate,  comprehensive, 
objective,  unbiased  and  authoritative  technology  assessment,  each  assessment 
project  shall  be  participated  in  by  distinguished  scientists,  engineers,  local 
and  citizen  representatives. 

The  basic  feature  of  technology  assessment  is  to  assess  technology  issues  from 
the  angle  of  public  welfare.  Therefore,  it  not  only  analyzes  the  costs  and 
gains  from  the  aspect  of  economic  benefits  but  also  assesses  the  overall  impact 
of  technology  on  the  economy,  society,  politics  and  ecology.  Hence,  the 
assessors  must  include  various  kinds  of  specialists.  The  importance  of  tech¬ 
nology  assessment  has  been  increasingly  obvious  that  it  becomes  imperative. 

In  addition  to  the  attentions  paid  by  governments  of  the  world  to  the  large- 
scale  assessment  of  technology,  many  enterprises  have  also  been  actively 
utilizing  technology  assessment. 

Ill  Methods  and  Procedures  of  Technology  Assessment 

There  is  no  unique  method  in  technology  assessment.  Rather,  it  utilizes  the 
knowledge  and  methodologies  accumulated  and  developed  in  various  disciplines 
including  the  natureal  and  social  sciences. 
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The  study  of  the  methodology  for  technology  assessment  is  aimed  at  formulating 
criteria  of  assessment  so  that  the  impacts  of  various  new  technologies  can  be 
systematically  assessed.  This  is  based  on  the  believe  that  it  is  totally 
possible  to  evaluate  the  impacts  of  various  technologies  on  the  economy, 
society  and  other  areas  by  scientific  methods  so  that  specific  goals  can  be 
reasonably  decided  upon  and  better  technologies  can  be  selected  to  realize 
these  goals. 

The  technology  assessment  in  the  United  States  not  only  evaluates  the  impact  of 
applying  a  certain  technology,  but  also  includes  the  assessment  of  the  alterna¬ 
tives,  forecasting  the  areas  that  would  be  affected  and  evaluating  from  various 
angles.  It  includes  the  following  methods: 

1.  Methods  for  screening  inappropriate  technologies. 

2.  Methods  for  containing  and  controlling  the  environmental  impact  of 
technology. 

3.  Methods  that  are  compatible  with  the  national  goals  and  the  social 
development. 

4.  Methods  by  which  the  government  manages  research  and  development. 

5.  Others:  such  as  technology  forecast,  environmental  analysis,  technology 
transfer  analysis,  and  safety  assessment. 

Technology  assessment  methods  can  be  divided  into  two  categories:  1)  The 
problem-based  type,  in  which  the  best  alternative  is  sought  for  a  known 
problem;  2)  The  problem  discovery  type,  which  starts  with  the  discovery  of 
problems  and  continues  until  the  best,  appropriate  solutions  are  found  for  the 
problems . 

Since  the  1970s,  foreign  countries  have  included  technology  assessment  as  part 
of  policy  study  and  it  has  been  widely  used  in  formulating  policies  and  plans. 
Japan  has  also  paid  attention  to  technology  assessment  and  sent  a  large  dele¬ 
gation  to  the  United  States  to  learn  more  about  it.  With  the  support  of  the 
Science  and  Technology  Agency  and  the  Ministry  of  International  Trade  and 
Industry  of  Japan,  new  assessment  methods  and  procedures  have  been  developed 
and  applied  to  a  large  number  of  cases. 

Having  learned  lessons  from  their  experience  in  economic  development  and 
technology  imports  since  the  end  of  World  War  II,  developing  countries  are 
paying  attention  to  technology  assessment  and  give  it  new  substance  and  methods 
to  fit  the  situation  of  a  particular  place  at  a  particular  time.  For  example, 
the  main  purpose  of  technology  assessment  in  India  is  to  clarify  how  much  can 
new  technologies  help  bring  about  the  realization  of  the  main  national  goal  of 
generally  raising  the  living  standard  of  all  the  people.  They  believe  the 
fundamental  and  ultimate  yardstick  of  technology  assessment  is  "the  standard 
of  living  and  not  the  number  of  products"  and  have  formulated  the  technology 
assessment  methods  that  are  suitable  for  the  situations  and  customs  of  India. 
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As  to  the  specific  methods  of  technology  assessment,  they  differ  depending  on 
the  subject,  level  and  stage.  There  is  almost  no  single  method  that  is  appli¬ 
cable  throughout  the  whole  process.  Most  are  only  suitable  for  a  certain  area 
of  technology  assessment.  The  "Delph's  Method"  is  applicable  to  the  qualita¬ 
tive  forecast  of  uncertain  factors;  the  "Branch-and-bound  Tree  Method"  is  used 
for  the  analysis  of  the  inherent  relationship  between  different  effects  and 
factors;  the  "Cross-Interference  Matrix"  is  applicable  to  the  assessment  of 
positive  and  negative  effects;  and  the  "Brain  Storming"  is  suitable  for  gen¬ 
erating  alternatives  in  technological  innovation. 

Because  of  the  short  history  of  technology  assessment,  its  methods  and  pro¬ 
cedures  are  not  standardized  and  is  dependent  on  the  analytical  ability  of  the 
assessor.  The  procedures  and  methods  of  technology  assessment  need  further 
development,  especially  methods  for  quantitative  assessment. 

IV  Understanding  Technology  Assessment 

Technology  assessment  is  a  new  undertaking  and  is  not  mature  both  in  theory 
and  in  methodology.  And  there  are  different  understandings  of  technology 
assessment . 

Although  initially  the  result  of  the  negative  effects  of  technology  that 
caught  the  attention  of  the  public  and  government,  technology  assessment  is 
meant  to  make  correct  choices  and  development  of  technology.  In  order  for  us 
to  realize  the  magnificent  goals  of  our  economic  strategy  within  a  short 
period  of  time,  our  guideline  for  technology  selection  is  "appropriate,  ad¬ 
vanced  technology,"  which  means  that  the  advanced  technologies  chosen  must  be 
appropriate  for  the  situations  of  our  country  and  be  economically  reasonable. 
Besides,  at  the  moment  our  appropriate  technologies  must  consist  mainly  of  the 
advanced  technologies.  There  is  no  doubt  that  this  is  a  correct  guideline. 
However,  to  be  specific  as  to  what  qualifies  as  appropriate  and  advanced  re¬ 
quires  not  only  qualitative  analysis  but  also  quantitative  specifications. 

Thus,  it  is  necessary  to  carry  out  technology  assessment  by  integrating  the 
knowledge  of  economics,  sociology,  physics,  chemistry  and  geography  so  that  a 
complete  and  sound  system  of  defining  modernization  goals  and  of  modern  assess¬ 
ment  guidelines  can  be  established  to  provide  a  basis  for  decision-making  on 
the  selection  of  alternatives. 

Technology  assessment  is  developing  rapidly  at  the  moment  and  is  becoming  in¬ 
creasingly  popularized,  diversified  and  internationalized.  Technology  assess¬ 
ments  are  carried  out  by  the  specialized  organizations  to  forecast  the  future 
of  new  technologies,  to  analyze  advantages  and  disadvantages,  to  point  out  the 
possible  consequences  of  each  policy  choice  and  each  alternative,  to  point  out 
what  is  feasible  and  what  is  not  through  multifaceted  and  multiangled  analysis 
and  to  point  out  the  short-term  and  long-term  as  well  as  primary  and  secondary 
effects  of  each  choice  so  that  they  can  help  make  the  right  choice.  Of  course, 
technology  assessment  cannot  necessarily  guarantee  correct  decision-making,  but 
with  technology  assessment,  the  possibility  of  error  is  certain  to  be  greatly 
diminished. 
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The  importance  of  technology  assessment  is  especially  obvious  under  the  circum¬ 
stances  of  the  new  technological  revolution.  To  introduce  the  theory  and 
methods  of  technology  assessment  into  our  social,  economic  and  S&T  decision¬ 
making  mechanisms  and  to  apply  and  develop  them  according  to  the  real  situations 
of  our  country  will  help  choose  technologies  correctly  and  accelerate  the  pace 
of  our  socialist  constructions. 

12922/12795 
CSO:  4008/2010 


24 


NATIONAL  DEVELOPMENTS 


,«T,c*nsT*‘86*‘003 


EDITORIAL  EXPLORES  TECHNOLOGY  IMPORTATION  PROBLEMS 
Tianjin  TIANJIN  RIBAO  In  Chinese  18  Oct  85  p  1 
[Editorial:  "Strive  for  Self-Development"] 

[Excerpt]  To  attain  the  correct  objective  in  Importation,  we  must  first 
bear  in  mind  the  overall  situation.  We  have  to  pay  for  imports  in 
foreign  currency.  In  deciding  on  the  items  to  be  Imported,  therefore, 
we  must  bear  in  mind  the  overall  situation,  think  of  the  need  to  earn 
foreign  exchange  for  the  state,  and  give  priority  to  those  items  that 
are  capable  of  earning  foreign  exchange  more  quickly  and  in  larger 
amounts.  We  must  not  stress  imports  without  giving  any  thought  to 
earning  foreign  exchange  through  exports.  In  spending  foreign  currency, 
we  must  exercise  careful  calculation  and  strict  budgeting.  Our  precious 
foreign  exchange  must  not  be  used  on  indiscriminate  foreign  purchases, 
and  we  must  not  waste  a  single  moment  in  mastering  and  applying  the 
iii5)orted  technologies  in  order  that  they  may  be  put  into  operation 
quickly  and  earn  foreign  exchange  for  the  state.  Thus,  with  money  in 
hand,  the  state  can  increase  its  Imports  in  an  effort  to  catch  up  with 
the  advanced  world  standards. 

Second,  in  importing  technology,  we  must  think  of  the  possibility  of 
domestic  production  instead  of  stressing  general  assembling  and  neglecting 
the  basic  work.  Now,  some  people  are  Interested  only  in  general 
assembling  lines  and  have  Imported  some  production  lines  that  are  not 
urgently  needed  and  usually  leaving  a  "long  tall."  If  foreign  parts 
were  not  available,  they  would  becoic heaps  of  scrap  metals.  The 
Tanggu  Valve  Plant  imported  some  advanced  technology  and  quickly  used 
domestic  raw  materials  to  produce  samples  which  were  up  to  the  inter¬ 
national  standards.  All  the  accessories  were  procured  at  home  and  the 
plant  won  the  initiative  of  self-development.  Now  let  us  suppose  that 
we  have  a  "rice-cooker"  and  some  other  people  have  the  "rice."  If 
we  have  no  source  of  '*rice"  for  the  "rice— cooker  we  brought,  we  still 
cannot  prepare  a  meal. 

Third,  we  must  seek  truth  from  facts  and  attempt  only  what  we  are 
capable  of  .  We  must  not  confine  our  attention  to  what  is  "large, 
foreign  and  complete"  and  forget  what  is  "small,  high-standard  and 
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specialized."  Being  "foreign"  does  not  exactly  mean  being  advanced, 
and  even  being  advanced  is  only  relative.  Now  some  comrades  have  a  new 
obsession;  Whenever  Importation  is  mentioned,  they  want  to  have  large 
projects  with  heavy  investment,  and  hope  for  sets  of  completely  "foreign- 
made"  equipment.  These  projects  are  slow  in  going  into  operation 
and  producing  results,  and  require  long  construction  periods.  After 
spending  all  the  time  and  money,  it  is  still  hard  to  predict  how  the 
result  will  be  when  they  eventually  go  into  operation.  In  this  age  of 
"knowledge  explosion,"  new  technical  developments  are  taking  place  every 
day,  and  the  longer  the  construction  period,  the  more  likely  will  it 
be  for  advanced  technology  to  become  backward.  By  importing  projects  that 
are  small,  high-standard  and, highly  specialized,  we  pan  quickly  produce  . 
special  commodities  that  are  of  a  high  standard  and  able  to  find  a 
foothold  on  the  international  market.  When  we  are  so  tight  in  for,eign 
exchange,  it  is  very  important  that  we  should  give  priority  to  the 
"small,  high-standard  and  specialized"  projects.  , 

We  must  proceed  from  the  overall  situation  and  strive  to  earn,  foreign 
exchange  for  the  country.  We  must  also  master  and  apply  the  Imported 
technology  as  soon  as  possible  to  promote  domestic  production.  In 
importing  technology,  we  must  seek  truth  from  facts,  have  a  keen  sense 
of  professional  responsibility,  and  be  willing  to  meke  hard  efforts.  , 
At  present,  we  must  learn  from  our  previous  experiences  and  avoid,  the 
detours  as  best  as  we  can  in  order  that  our  work  of  importation  may  ,  v  ; 
develop  in  a  healthy  way  and  with  the  correct  orientation. 

9411/12223 
CSO:  4006/327 
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NATIONAL  DEVELOPMENTS 


LIAONING  IMPORTS  OF  TECHNOLOGY,  EQUIPMENT  DURING  6TH  FYP 

SK160735  Shenyang  Liaoning  Provincial  Service  in  Mandarin  1030  GMT  15  Dec  85 

[Text]  During  the  Sixth  5-Year  Plan  period,  our  province  has  taken  active 
but  prudent  steps  in  importing  advanced  foreign  technology  and  equipment  to 
promote  the  development  of  technological  transformation  and  production  in 
industrial  enterprises.  In  the  past  5  years,  contracts  involving  a  sum  of 
$900  million  were  signed,  showing  an  average  annual  Increase  of  89.2  percent. 
In  the  past  4  years  the  light  Industrial  units  imported  the  greatest  number 
of  technological  items  and  equipment,  and  the  next  to  follow  were  the 
machinery  and  textile  industries.  Last  year  the  Imported  technology  and 
equipment  helped  more  than  500  enterprises  carry  out  technical  transformation 
and  helped  bring  1.41  billion  yuan  of  output  value,  and  570  million  yuan  of 
profits  and  taxes,  and  create  $290  million  of  foreign  exchange  through  export 
In  a  year. 

During  the  Sixth  5-Year  Plan  period,  our  province  has  Increased  the 
varieties  of  machinery  products  and  Improved  their  quality,  and  has  provided 
many  major  and  important  technical  equipment  of  International  level  of  the 
present  age  for  the  state  key  projects.  During  this  period,  our  province 
has  6,827  products  listed  in  the  state  plans,  showing  an  average  annual 
increase  of  446  products.  The  number  of  products  of  international  level  of 
the  1970’s  or  1980's  rose  from  10  percent  in  1980  to  32  percent.  Some  61 
machinery  products  won  state  quality  awards,  an  Increase  of  10  times  over 
1980,  and  179  products  won  ministry-level  quality  awards,  and  360  products 
won  provincial  quality  awards,  showing  an  increase  of  4  to  6  times  respective¬ 
ly  over  1980. 

/8918 

CSO:  4006/502 
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JPRS*CST*‘86«003 
^7  January  1986 


CONSEQUENCES  OF  SCIENTIFIC,  TECHNICAL  RESTRUCTURING 

Beijing  ZHONGGUO  KEJI  LUNTAN  [FORUM  OF  SCIENCE  AND  TECHNOLOGY  IN  CHINA] 
in  Chinese  No  1 ,  Sep  85  pp  23-25 

[Article  by  Luo  Wei  [5012  0251]:  "A  Brief  Discussion  of  Strategies  for  the 
Development  of  Science  and  Technology”] 

[Text]  Many  areas,  departments,  and  professions  are  looking  closely  at 
developing  trends  in  the  world-wide  new  technology  revolution  with  an  eye  on 
the  overall  strategic  goals  proposed  for  the  end  of  this  century  by  the 
Central  Committee,  and  are  studying  each  development  strategy.  Developmental 
strategies  for  science  and  technology  naturally  become  an  important  component 
among  these  development  strategies. 

On  the  subject  of  developmental  strategies  for  science  and  technology,  many 
comrades  have  already  issued  a  number  of  worthwhile  ideas,  and  many  areas  and 
departments  have  already  begun  formulating  plans,  so  here  I  will  just  express 
my  views  on  a  few  problems. 

I.  On  Scientific  and  Technical  Capabilities 


When  speaking  of  the  development  of  science  and  technology,  we  can  neither 
progress  gradually  from  our  current  level,  nor  depart  from  our  current  base. 
Capabilities  in  science  and  technology  are  the  mCst  Important  base. 

First,  generally  speaking,  scientific  and  technical  capabilities  include  the 
capabilities  for  research  and  innovation,  the  capabilities  for  technical 
exploitation,  and  the  capability  to  apply  technology  to  production.  These 
three  things  are  intimately  connected,  but  cannot  be  confused. 

The  Capabilities  for  research  and  Innovation  refer  to  discovery  and  invention. 
This  includes  what  We  commonly  speak  of  as  basic  research  and  also  includes 
the  applications  research  that  is  capable  of  bringing  great  advances  in 
science  and  technology.  This  kind  of  capability  is  extremely  important,  but 
it  is  primarily  ”in  the  background,”  being  not  too  easily  used  to  immediately 
raise  the  level  of  production,  and  not  necessarily  being  even  quickly  used  to 
raise  the  level  of  technology.  Even  if  a  laboratory  comes  up  with  very  good 
results,  they  cannot  all  be  applied. 
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But  the  importance  of  this  kind  of  capability  is  not  completely  "in  the 
background,"  but  rather  can  still  provide  theoretical  guidance  and 
supplemental  knowledge  for  advances  and  improvements  in  existing  technology; 
in  its  ability  to  understand  trends  in  the  development  of  science  and 
technology  and  in  its  evaluative  ability  in  selecting  technology;  and  also  in 
its  ability  to  train  and  raise  the  levels  of  personnel.  There  is  another 
point,  a  point  that  possibly  we  often  ignore  and  that  is  even  felt  by  some  to 
be  not  worth  considering,  namely,  that  this  capability  can  train  a  spirit  of 
seeking,  of  investigation,  of  innovation,  and  of  discovery.  In  scientific  and 
technical  fields,  where  there  are  new  discoveries  in  science,  or  where  there 
are  the  examples  of  people  who  have  made  great  discoveries  in  technology, 
there  is  a  tremendous  educational  and  inspirational  capability  for  youth.  We 
may  say  that  the  spirit  whereby  a  people  seeks  knowledge,  where  they  innovate 
and  invent,  is  not  inferior  in  its  important  significance  to  a  competitive 
spirit;  or  in  other  words,  this  is  a  manifestation  of  the  competitive  spirit 
in  intellectual  and  technical  fields. 

Of  course,  this  sort  of  research  need  not  blossom  everywhere.  Abroad,  it  is 
primarily  concentrated  in  national  laboratories,  high  level  universities,  and 
the  research  and  development  departments  of  larger  enterprises.  Among 
Japanese  enterprises,  developmental  work  stands  at  75.7  percent,  while  basic 
research  and  applications  research  are  at  24.3  percent  (basic  research  is  4.7 
percent  of  that),  while  in  universities  developmental  work  is  at  5.7  percent; 
the  proportion  of  developmental  work  in  research  organizations  is  not  as  much 
as  one  half.  This  shows  the  necessity  for  appropriate  division  of  labor  and 
emphasis. 

The  capability  to  exploit  technology.  This  includes  transforming  knowledge 
and  theory  into  usable  technology,  advancing  and  improving  existing 
technology,  providing  responses  to  technical  questions  posed  by  production, 
and  absorbing  advanced  technology  imported  from  abroad.  Regarding  the 
improvement  of  economic  strength,  a  technology  exploiting  capability  is 
extremely  important,  especially  when  viewed  from  the  characteristics  of  the 
development  of  current  technology,  for  current  technology  still  has  great  room 
for  development  and  a  broad  field  of  application.  The  theories  behind  things 
like  microelectronics  and  computer  technology  are  already  clear,  but  the 
degree  of  integration  is  still  being  improved,  capabilities  are  still 
Improving  and  the  scope  of  applications  is  still  being  expanded.  From  the 
point  of  view  of  the  situation  in  China,  because  standards  of  technology  and 
production  are  still  rather  backward,  to  import  and  absorb  advanced  technology 
from  abroad  and  to  renovate  and  renew  technology  in  all  fields  poses  a  great 
number  of  technical  problems  that  need  urgent  solution.  For  local  areas, 
departments,  and  enterprises,  the  most  important  ones  are  to  foster  and 
enhance  capabilities  in  this  area. 

The  capability  to  apply  technology  to  production  is  currently  one  of  our  very 
weakest  links  and  it  is  a  very  complicated  problem.  Because  it  involves  not 
only  science  and  technology  departments  and  production  departments,  but  also 
Involves  basic  structures  throughout  society.  I  would  like  to  explore  this 
further . 
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Second,  indications  for  evaluating  scientific  and  technical  capabilities  are 
generally  chiefly  by  looking  at  the  numbers  of  scientists  and  technicians  and 
the  amount  of  outlay  for  research  development.  Obviously,  it  is  not  enough  to 
look  just  at  these  two  figures,  and  the  number  of  registered  patents,  the 
amount  of  technical  trade,  improvements  in  labor  productivity,  the  proportion 
of  highly  technical  products,  the  numbers  of  papers  published,  etc.,  should 
also  be  included.  These  indications  ought  to  be  integrated  in  evaluation.  At 
the  same  time,  the  situation  for  distribution  of  the  numbers  of  scientists  and 
technicians  should  be  examined,  as  well  as  whether  or  not  they  can  be  better 
utilized.  This  is  certainly  related  to  the  levels  and  efforts  of  the 
scientists  and  technicians,  and  even  more  importantly  to  social  conditions. 

Third,  some  scholars  abroad  also  regard  funding  capability  as  a  component  part 
of  scientific  and  technical  capability,  which  is  reasonable.  What  they  mean 
by  funding  capability  is  not  only  in  whether  or  not  there  are  funds,  but  also 
in  the  evaluative  capability  for  funding  directions,  that  is,  evaluation  of 
projects,  feasibility  analyses,  etc.  This  also  includes  the  capabilities  for 
design,  engineering,  and  the  provision  of  equipment.  In  China,  this  concept 
is  perhaps  less  important.  In  recent  years  there  have  developed  various 
scientific  and  technical  consulting  companies  and  consulting  services  that 
have  paid  increasing  attention  to  technical  and  economic  evaluation,  and  these 
evaluative  capabilities  for  improving  investment  serve  a  very  important 
function;  but  this  sort  of  work  is  invariably  limited  to  a  narrow  scope  and  to 
smaller  projects.  Funding  capabilities  directly  effect  whether  or  not 
technology  can  be  applied  to  production,  and  is  a  key  and  central  link  between 
technology  and  production. 

II.  The  Selection  of  Technology 

After  strategic  goals  have  been  determined,  there  is  a  series;  of  processes  for 
the  selection  of  particular  goals.  Due  to  the  effects  of  trends  in  the  new 
world  technology  revolution,  a  number  of  local  areas  and  departments  often 
focus  their  attention  on  areas  like  microelectronics,  computer  technology, 
biological  technology,  and  new  materials.  These  technologies  are  undoubtedly 
extremely  important,  but  whether  each  area  and  department  needs  to  concentrate 
on  developing  these  is  worth  study.  If  during  periods  of  great  leaps  forward 
each  area  developed  atomic  energy,  semiconductors,  computers,  and  electronics, 
facts  have  shown  that  this  would  not  be  successful.  The  reason  would  be  that 
we  are  not  ready  in  two  different  directions:  one  is  that  our  scientific  and 
technical  capabilities  are  insufficient,  and  another  is  that  it  is  not 
socially  necessary.  We  need  now  to  look  at  the  problems  of  both  directions 
equally. 

Selection  in  these  technical  areas  is  an  important  point  of  development,  and 
requires  consideration  as  to  how  it  is  to  be  done,  as  well  as  in  which  aspects 
it  is  to  be  applied.  As  I  say  later,  these  areas  are  certainly  nurturing  new 
breakthroughs,  as  with  the  fifth  generation  computer  and  gene  engineering,  but 
they  require  great  expenditures  of  time  and  money  and  will  not  see  application 
in  the  near  term.  Therefore,  we  ought  to  carry  out  research  through  the 
institutes  of  the  scientific  academies,  higher  level  universities,  and  the 
central  research  academies  and  Institutes  in  all  departments,  but  not  just 
everywhere.  The  primary  capabilities  of  local  areas  and  production 
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departments  ought  to  be  in  quickly  absorbing  existing  results  (both  domestic 
and  foreign),  applying  them,  expanding  the  fields  of  application,  as  well  as 
forming  the  capability  for  batch  production.  Here  we  should  make  special 
efforts  in  those  things  that  are  in  large  quantities  and  of  broad  aspect. 
That  Japan  is  currently  in  technically  advanced  fields  is  chiefly  because  of 
large  scale  production  of  cameras,  watches,  household  appliances,  music 
equipment,  and  television  equipment;  those  fields  where  production  quantities 
are  not  great  but  where  technical  requirements  are  still  high  do  not  have  many 
advantages  in  Japan,  or  the  level  is  lower  than  that  of  the  United  States  or 
Western  Europe.  This  experience  is  very  worthwhile  noting.  There  are 
biological  technology  companies  in  the  United  States  run  with  great  vitality 
that  use  various  technologies  to  foster  new  products  for  tomatoes  and  corn. 
That  technology  is  new,  but  certainly  does  not  use  gene  engineering  methods. 
Once  some  foreign  Chinese  businessmen  and  scientists  suggested  that  we  use 
biological  technology  to  improve  the  fermentation  of  soy  sauce,  the  intention 
behind  this  suggestion  being  the  hope  that  we  would  be  interested  in  the  large 
quantity,  large  scale  aspects.  In  the  past  we  have  had  many  technical 
achievements  that  have  not  constituted  production  capabilities  for  reasons  of 
the  selection  of  technologies,  and  also  because  society  as  a  whole  had  not  put 
much  attention  to  changing  them  into  large  scale  production. 

Everyone  agrees  that  Japan  has  been  successful  with  imported  technology,  but 
in  addition  to  other  factors,  there  is  one  problem  that  is  worth  attention. 
Japan  imported  quartz  technology  from  the  American  Bell  Laboratories.  At  that 
time,  and  aside  from  defense  uses,  the  United  States  was  using  that  technology 
chiefly  for  hearing  aid  devices,  while  Japan  then  used  it  to  develop 
semiconductor  receivers,  taking  several  years  to  do  that.  Although  the  first 
quartz  receivers  were  not  first  made  by  the  Japanese,  it  is  the  Japanese  who 
command  the  market  in  large  scale  production.  The  Japanese  have  used  the 
American  invented  liquid  crystal  for  pocket  calculators,  commanding  that 
market  also.  This  shows  that  the  problem  of  what  to  do  with  imported 
technology  is  a  very  important  one,  and  that  it  is  of  benefit  not  only  to 
improving  our  technical  levels  and  improving  existing  production  capabilities, 
but  also  for  considering  the  future  of  development.  Regarding  this,  one  thing 
is  that  we  need  vision  as  well  as  evaluative  capabilities;  second,  that  we 
must  make  a  large  effort.  If  we  are  aware  of  this  problem,  then  the  current 
debate  about  importing  foreign  technology  and  developing  domestic  research  can 
perhaps  be  better  resolved. 

III.  A  Creative  Environment 

However  we  are  to  fully  exploit  our  scientific  and  technical  capabilities  will 
require  us  to  have  an  appropriate  environment.  When  considering  developmental 
strategies  we  must  be  concerned  about  this  kind  of  suitable  environment. 

The  U.S.  Silicon  Valley  has  attracted  the  attention  of  all  countries,  and  many 
countries  are  in  the  process  of  developing  their  own  silicon  valleys,  silicon 
islands,  and  silicon  plains.  According  to  some  scholars,  Stanford  University 
played  a  key  role  early  in  the  formation  of  Silicon  Valley  by  providing 
scientific  and  technical  personnel  for  the  high  technology  companies  in  the 
Silicon  Valley,  and  being  able  to  provide  exploitative  scientific  technology 
and  knowledge,  as  well  as  the  land  for  buildings.  Climatic  and  living 
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conditions  are  quite  good  there,  which  in  the  beginning  was  also  an  important 
factor.  Because  emerging  high  technology  companies  are  rather  fragile,  they 
rely  to  a  great  degree  on  the  help  of  suppliers  of  raw  materials,  financial 
subsidizers,  the  marketplace,  and  other  basic  facilities.  While  risk  capital 
is  one  of  the  key  factors  in  the  basic  facilities,  one  third  of  American  risk 
capital  companies  are  concentrated  in  the  Silicon  Valley.  In  the  mid  1960's, 
after  the  Silicon  Valley  had  started  on  the  road  to  development,  exchange  of 
knowledge  and  information  played  an  Increasingly  important  role. 

This  shows  that  we  need  more  suitable  geographic  environments,  scientific  and 
technical  environments,  legal  environments,  and  market  and  information 
exchange  environments. 

Although  geographic  environments  are  certainly  not  decisive,  they  should  be 
taken  into  consideration.  Some  regional  climatic  conditions  would  not  be  too 
advantageous  but  of  course  cannot  be  changed,  but  conditions  for 
transportation,  living,  and  cultural  and  educational  facilities  are 
alterable.  Some  lessons  from  experiences  learned  from  the  past  construction 
of  Sanxian  are  known  to  everyone,  but  to  develop  high  technology  we  must  take 
these  problems  into  consideration. 

The  scientific  and  technical  environment  is  primarily  talented  people,  but 
also  includes  the  provision  of  instruments,  equipment,  and  reagents  and 
materials,  supplemented  by  machining  and  maintenance  conditions  and  technical 
workers.  In  keeping  with  the  restructuring  of  the  economic  system,  China 
needs  to  consider  overall  requirements  for  developing  science  and  technology, 
needing  sufficient  attention  and  suitable  arrangements  for  instruments, 
meters,  reagents,  and  materials. 

In  the  aspects  of  laws,  decrees,  and  regulations  regarding  the  development  of 
science  and  technology,  China  is  not  yet  fully  prepared,  while  some  of  those 
do  not  suit  the  needs  of  scientific  and  technical  development.  Based  on  a 
survey  of  two  professions  in  Shanghai,  profit  on  old  products  averaged  22.4 
percent,  whereas  that  on  new  products  was  13.7  percent.  This  shows  that  it  is 
not  easy  for  new  products  and  technologies  to  show  their  advantages  in  terms 
of  economic  results  immediately  in  the  early  stages.  In  another  sense,  it 
also  shows  that  we  lack  necessary  beneficial  measures  for  supporting  new 
products  and  new  technologies.  For  several  important  developed  countries, 
expenses  incurred  by  enterprises  during  research  and  development  are  not  taxed 
or  taxes  are  reduced,  and  for  some,  the  portion  assumed  for  developing  new 
technology  for  the  government  is  completely  provided.  In  addition  to  this, 
scientific  and  technical  development  also  needs  to  obtain  legal  safeguards  and 
support  for  things  such  as  patents,  contracts,  credit,  and  tariffs.  Aside 
from  this,  as  in  the  American  Silicon  Valley,  in  Palo  Alto  alone  there  are  850 
lawyers  who  in  addition  to  being  conversant  with  various  laws  and  regulations, 
play  key  liaison  roles  for  rising  new  companies,  even  helping  entrepreneurs 
write  up  venture  plans  and  bringing  together  entrepreneurs  who  have  inventions 
and  creations  with  capitalists  who  have  money. 

As  for  the  environment  for  information  exchange,  and  in  addition  to  reading 
books  and  printing  and  publishing,  person  to  person  direct  exchange  has  played 
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an  increasing  role  in  this  situation  where  technology  changes  in  a  flash. 
This  requires  an  expectation,  atmosphere,  and  environment  for  exchange. 

The  conditions  described  above  certainly  cannot  function  directly  in  the 
development  of  our  economy,  but  their  importance  is  not  less  than  that  of 
scientific  and  technical  accomplishments  themselves.  We  could  even  say  that 
if  we  are  to  achieve  even  more  and  better  results,  as  well  as  whether  these 
results  can  more  quickly  and  better  be  applied,  will  to  a  great  degree  be 
resolved  in  whether  or  not  there  is  this  sort  of  suitable  environment. 
Therefore,  this  must  necessarily  become  an  important  matter  for  scientific  and 
technical  development  strategies. 
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NATIONAL  DEVELOPMENTS 


GENERAL  DISCUSSION  OF  NEW  SCIENCE,  TECHNOLOGY  POLICIES 

Beijing  ZHONGGUO  KEJI  LUNTAN  [FORUM-  OF  SCIENCE  AND  TECHNOLOGY  IN  CHINA] 
in  Chinese  No  1,  Sep  85  pp  11-14 

[Article  by  Yu  Guangyuan  [0060  0342  6678]:  "Correct  Science  and  Technology 
Policies  Are  Supporting  Developments  in  the  Chinese  Economy  and  Society”] 

[Text]  I  have  been  working  with  Chinese  science  and  technology  management  for 
30  years.  Taking  up  the  topic  that  correct  science  and  technology  policies 
are  supporting  developments  in  the  Chinese  economy  and  society,  I  would  like 
to  speak  today  of  some  of  my  personal  observations  and  feelings. 

I  would  like  to  say  first  that  China’s  scientific  and  technical  capabilities 
are  not  insignificant.  Whether  from  the  point  of  view  of  quantity  or  quality 
we  can  still  say  this,  and  statistical  figures  cannot  completely  explain  this 
problem.  But  when  a  country  has  nearly  7  million  natural  scientists  and 
technicians  (1983  statistics  showed  6.852  million),  that  is  never  a  small 
number.  There  were  9,344  specialty  scientific  research  organizations  in  1983, 
with  total  personnel  of  1.2  million,  which  is  not  a  small  figure  either. 
There  are  many  very  outstanding  talented  people  in  Chinese  scientific  circles, 
and  outstanding  talent  has  begun  tO  appear  in  recent  years  among  younger 
scientists  in  great  numbers.  When  we  older  workers  in  science  and  technology 
see  this  kind  of  situation,  we  are  very  gratified. 

I  would  also  like  to  say  that  China's  scientific  and  technical  organizations 
are  not  backward.  Thirty  years  ago  China  formulated  a  national  full-scale 
long-term  science  and  technology  development  plan.  That  was  our  ”1956  to  1967 
12  year  plan  for  the  development  of  science.”  At  that  time  there  was  hardly 
anything  comparable  in  the  world.  And  as  this  plan  was  being  set  up  after 
approval,  it  had  the  task  of  implementing  a  specialty  committee  for  the 
central  government  for  these  kinds  of  plans,  which  would  also  appear  to  be  one 
of  the  earliest  such  things.  Also,  this  kind  of  organization  kept 
establishing  government  organizations  down  to  the  county  level,  which  have 
remained  to  this  day.  That  kind  of  national,  full-scale,  and  long-term 
science  and  technology  development  plan  was  first  formulated  in  1956, 
formulated  again  in  1963,  a  third  time  in  1978,  and  what  we  are  currently 
studying  is  the  fourth  one. 
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Problems  that  still  exist  in  Chinese  science  and  technology  are  that  although 
our  scientific  and  technical  capabilities  are  not  considered  small,  nor  our 
science  and  technology  organizations  bad,  our  science  and  technology  still  can 
never  satisfy  the  requirements  for  building  a  modernized  socialist  economy, 
and  we  can  also  say  that  our  science  and  technology  is  quite  insufficient  to 
help  build  our  modern  socialist  economy,  and  it  supports  that  building  quite 
inadequately. 

Of  course,  that  we  speak  this  way  is  certainly  not  to  look  down  upon  the  great 
contributions  Chinese  scientific  and  technical  circles  have  made  in  building 
our  economy.  The  majority  of  our  important  scientific  and  technical 
accomplishments  would  be  hard  to  express  in  a  few  words,  and  it  would  be  this 
way  whether  using  statistical  figures  or  writing  out  a  list.  Scientific  and 
technical  circles  have  put  great  efforts  into  the  building  of  our  economy. 
One  point  in  particular  especially  caught  the  attention  of  Comrade  Deng 
Xiaoping  at  a  national  science  and  technology  working  conference  held  on  7 
March  of  this  year.  He  said  to  the  scientific  and  technical  circles:  "You 
have  not  only  produced  many  scientific  and  technical  achievements,  but,  with 
an  attitude  of  being  your  own  masters,  have  made  many  good  suggestions  for  our 
nation.  Our  scientists,  professors,  and  engineers  have  gone  to  factories, 
have  gone  to  local  areas,  have  been  welcomed  everywhere  and  everywhere  have 
been  asked  to  discuss  strategy,  to  discuss  the  long-range  view,  to  discuss 
plans,  and  for  scientific  and  technical  specialists  to  participate  this 
broadly  in  economic  and  social  decision  making  activities  has  never  happened 
before  in  our  many  thousand  year  history."  This  was  said  to  scientific  and 
technical  circles,  and  if  he  had  been  speaking  before  economists  I  think  he 
would  have  said  the  same  thing.  Because  economists  work  with  scientific  and 
technical  specialists,  because  they  discuss  strategy  everywhere,  discuss  long 
range  views,  and  discuss  planning,  and  because  they  broadly  participate  in 
economic  and  social  decision-making  activities.  However,  even  though  we  can 
say  so  much  about  the  contributions  of  scientific  and  technical  circles  to 
economic  development,  we  still  have  reasons  to  be  dissatisfied  with  the 
current  situation  regarding  scientific  and  technical  circles,  and  feel  that 
China’s  scientific  and  technical  circles  have  not  played  a  full  role  in 
production  management.  The  role  that  the  scientific  and  technical  work  of  our 
nation  has  played  in  building  our  socialist  economy  is  not  at  all  commensurate 
with  the  capabilities  it  has  today,  nor  with  the  organizations  that  have 
already  been  established. 

So  where  then  lies  the  crux  of  the  matter? 

For  many  years  now  people  have  been  discussing  deficiencies  in  the  science  and 
technology  system.  This  point  that  there  are  problems  with  the  science  and 
technology  system  is  like  the  fact  that  there  are  problems  in  the  economic 
system  in  that  they  have  been  noticed  for  quite  some  time.  During  the 
"cultural  revolution"  there  could  not  of  course  have  been  anyone  to  be 
concerned  about  problems  with  the  science  and  technology  system.  But  after 
1977,  at  every  national  conference  to  discuss  science  and  technology  policies 
and  principles  and  planning  for  science  and  technology,  it  could  be  said  that 
there  was  never  an  occasion  that  did  not  touch  upon  problems  in  the  science 
and  technology  system,  and  each  time  discussions  on  this  problem  were 
numerous.  Especially  in  these  years  since  the  3d  Plenum  of  the  11th  Party 
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Central  Committee,  and  since  our  reform  of  the  economic  system  has  had  such 
obvious  success,  there  has  been  much  inspiration  in  science  and  technology 
circles,  and  the  science  and  technology  system  has  increasingly  been  felt  to 
be  an  object  of  necessary  reform.  In  discussing  the  question  of  restructuring 
the  economic  system  at  the  3d  Plenum  of  the  12th  Party  Central  Committee,  many 
comrades  have  advocated  discussing  at  the  same  time  the  question  of  science 
and  technology  system  reforms  and  educational  system  reforms,  but 
consideration  of  reforms  in  the  science  and  technology  and  educational  systems 
are  extremely  important  topics  in  themselves,  and  if  we  were  to  restructure 
science  and  technology  and  education  we  had  to  study  the  many  problems  in  the 
restructuring  of  those  two  aspects  more  deeply  and  in  greater  detail. 
Consequently,  among  the  resolutions  of  the  3d  Plenum  of  the  12th  Party  Central 
Committee  was  a  resolution  calling  for  the  exclusive  convocation  of  a  special 
conference  and  for  formulation  of  special  documents. 

The  "Resolution  Regarding  Restructuring  of  the  Science  and  Technology  System" 
passed  by  the  Central  Committee  in  March  1985  was  an  extremely  important 
document  in  the  history  of  Chinese  science  and  technology.  We  can  predict 
that  its  effects  will  not  be  limited  to  science  and  technology  itself,  but 
will  directly  effect  the  building  of  China's  socialist  economy.  I  believe 
that  what  is  most  important  and  of  key  significance  in  it  is  in  the  aspect  of 
operational  mechanisms,  chief  substance  of  which  is  a  restructuring  of  the 
funds  allocation  system  and  the  opening  of  technical  markets. 

Let  us  think  about  this  situation:  of  those  more  than  9,300  research 
organizations  that  I  spoke  of  before,  5,700  are  chiefly  responsible  to  the 
highest  levels  and  are  supported  financially  by  the  highest  levels.  Because 
China's  scientific  research  outlay  is  small,  there  is  at  the  moment  no 
momentum  to  change,  and  among  the  500,000  scientists  and  technicians  in  these 
organizations  how  could  we  avoid  wasting  their  own  most  valuable  time  because 
there  would  be  nothing  for  these  organizations  to  do?  At  the  same  time,  the 
million  medium  and  small,  village  and  township  enterprises  in  this  country, 
the  entire  countryside  of  this  country,  and  the  relatively  backward  areas  of 
this  country  urgently  need  scientific  knowledge  and  need  technology. 
Innumerable  examples  in  all  areas  of  China  have  shown  that  as  soon  as  any 
enterprise  receives  the  help  of  scientific  and  technical  capabilities  it  will 
quickly  reap  great  economic  results.  With  the  help  of  Tianjin's  scientific 
and  technical  personnel,  the  formerly  poor  Daqiuzhuang  in  the  suburbs  of 
Tianjin  Municipality  has  doubled  its  annual  output  value  each  year  since  1977, 
until  by  1984  this  area  of  only  some  3,000  persons  created  a  gross  Industrial 
and  agricultural  output  value  of  60  million  yuan,  with  a  net  income  of  over  10 
million  yuan.  The  output  value  reached  today  by  this  small  village  is  in  no 
way  inferior  to  that  of  entire  counties  among  China's  poorer  counties,  even 
exceeding  them.  Even  if  on  the  one  hand  a  large  portion  of  scientists  and 
technicians  in  research  organizations  heavily  supported  by  the  nation  are 
undertasked  or  even  totally  without  work,  in  another  sense  the  great  mass  of 
medium  and  small  enterprises,  the  great  countryside,  and  the  extensive 
backward  areas  will  suffer  in  being  deprived  of  scientific  and  technical 
capabilities.  Therefore,  it  was  provided  in  the  resolution  regarding  system 
restructuring  to  gradually  reduce  annually  the  tasking  outlay  for  technically 
exploitative  research  organizations,  and  to  use  the  tasking  outlay  that  is 
saved  together  with  annually  increased  scientific  research  outlays  to  sign 
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contracts  with  research  organizations  with  the  state  based  upon  tasking;  with 
the  excess  scientific  and  technical  capabilities  after  contracting  with  the 
state,  they  will  be  encouraged  to  go  to  enterprises,  local  governments,  and 
into  society  to  find  topics  for  research.  At  the  same  time,  it  has  been 
determined  to  call  for  the  opening  of  technical  markets.  This  is  an  important 
condition  for  operational  mechanisms  in  the  work  of  restructuring  science  and 
technology,  and  is  an  important  condition  for  better  developing  scientific  and 
technical  capabilities  in  economic  work.  During  the  3  months  before  this 
resolution  was  produced,  many  experiments  were  tried  in  this  regard,  with 
successful  results.  This  will  allow  us  to  more  confidently  produce  this  sort 
of  important  resolution. 

Working  in  this  way  is  according  to  reasoning  that  has  never  been  difficult  to 
understand,  but  coming  up  with  this  sort  of  resolution  was  neither  takep 
lightly  nor  easy  to  do.  There  has  been  in  China  the  idea  that  sees  a 
socialist  economy  and  a  commodity  economy  as  incompatible  as  fire  and  water. 
According  to  this  kind  of  thinking,  even  among  those  material  goods  that  are 
of  practical  value  and  valuable,  a  significant  portion  have  been  viewed  by 
people  as  things  that  should  not  be  commercially  produced,  nor  should  be  sold 
commercially,  and  much  less  should  scientific  and  technical  accomplishments  be 
vital  products.  Although  this  sort  of  view  has  constantly  been  challenged; 
even  incorrect  thinking  is  not  easily  removed  from  the  stage  of  history,  but 
requires  an  creative  attitude  toward  Marxist  theory  to  replace  the  dogmatic 
attitude  toward  Marxist  theory.  This  requires  discussion  in  scholastic 
circles,  scientific  and  technical  circles,  and  economic  circles,  and  requires 
proof  through  trial.  That  the  resolution  on  restructuring  of  the  scientific 
and  technical  system  was  produced  after  the  resolution  on  restructuring  of  the 
economic  system  is  logical.  The  logic  is  that  the  resolution  regarding 
restructuring  of  the  economic  system  has  solved  the  question  of  whether  a 
socialist  economy  is  also  a  commodity  economy.  On  the  question  of  scientific 
and  technical  patents,  to  produce  this  reformist  resolution  concerning  the 
opening  of  technical  markets  is  also  a  situation  where  success  comes  when 
conditions  are  right  and  things  are  settled  at  the  proper  time. 

Regarding  this  question  of  whether  a  socialist  economy  is  also  a  commodity 
economy,  I  also  have  a  personal  view.  I  believe  that  to  develop  a  socialist 
economy,  not  only  ought  we  to  acknowledge  that  material  goods  are  commodities 
and  permit  them  to  enter  the  marketplace,  but  also  that  nonmaterial  goods  may 
also  enter  the  marketplace  as  commodities  according  to  the  needs  of  developing 
a  socialist  economy.  The  former  situation  I  have  called  ••commodity 
acknowledgement.^^  That  latter  situation  I  call  ••commercialization^^  (the  sense 
of  ••commercialization^^  I  use  here  is  not  necessarily  the  same  as  the  sense 
when  others  use  this  term.  I  use  this  term  under  my  own  definition).  I  am 
certainly  not  advocating  the  ••commercialization^^  of  all  nonmaterial  goods,  but 
rather  that  all  things  beneficial  to  developing  a  socialist  economy,  whether 
or  not  they  have  value,  should  be  considered  ••commercializeable.^^  Scientific 
and  technical  accomplishments  are  just  the  kind  of  nonmaterial  goods  that 
ought  to  be  ••commercialized.^^  Only  by  explaining  clearly  theoretically  that 
we  can  permit  this  ••commercialization^^  and  opening  up  technical  markets,  can 
we  get  rid  of  ideological  obstacles  and  proceed  in  a  smooth  way. 
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There  is  a  theoretical  question  in  the  Marxist  economic  system  that  is  worth 
discussing  here.  This  category  of  ’'value"  occupies  a  very  important  position 
in  Marxist  economic  systems.  Marx  proved  in  "Capital"  that  the  valUe  of  a 
commodity  is  not  the  respective  amount  of  labor  expended  in  its  production, 
but  rather  is  determined  by  the  average  amount  of  socially  necessary  labor 
needed  to  be  expended  during  its  production.  In  "The  Theory  of  Surplus 
Value,"  Marx  expanded  the  concept  of  "value"  outside  labor,  because  to 
generate  an  act  of  labor  one  must  expend  effort,  even  to  the  extent  of 
expending  material  labor.  Therefore,  labor  has  both  practical  value  and 
value.  However,  I  believe  that  although  a  great  deal  of  labor  is  expended  in 
obtaining  scientific  discoveries  and  technical  inventions,  as  well  as  a  great 
deal  of  intellectual  effort,  within  the  same  period  of  labor,  the  intellectual 
effort  that  is  made  is  often  the  equivalent  of  several  times  the  amount  of 
labor  in  simple  labor.  But  according  to  Marx's  definition  of  value,  this  sort 
of  labor  does  not  constitute  value.  Because  value  is  constituted  over  long 
term,  in  great  amounts,  and  through  repetitious  exchange,  scientific  and 
technical  accomplishments  are  the  same  as  artistic  creations,  where  each 
commodity  is  "unique."  A  second  similar  commodity,  even  if  not  plagiarized, 
still  loses  its  qualification  and  significance  as  a  created  object.  This  sort 
of  commodity  production  also  does  not  constitute  an  average  amount  of  socially 
necessary  labor.  But  that  scientific  and  technical  accomplishments  do  not 
constitute  value  in  Marxian  economic  theory,  this  certainly  does  not  keep  them 
from  having  a  price  during  exchange  on  the  marketplace.  There  are  many  things 
in  a  commodity  economy  that  have  no  value  but  may  also  have  value.  It  was  in 
this  spirit  that  I  read  the  rule  written  in  "A  Resolution  Regarding 
Restructuring  of  the  Science  and  Technology  System"  that  goes  "The  market 
price  for  technical  accomplishments  is  determined  by  the  two  exchanging 
parties,  and  which  the  state  will  not  restrict."  I  do  not  believe  that  the 
price  of  technical  accomplishments  is  based  on  their  value,  because  as  I  said 
before  this  basis  does  not  exist.  Of  course  this  is  only  my  opinion,  and  I  do 
not  demand  that  other  comrades  hold  the  same  theoretical  viewpoint. 

When  opening  up  technical  markets  and  changing  the  system  for  allocation  of 
funds,  the  resolution  drafters  understood  that  because  there  are  scientific 
and  technical  activities  of  different  kinds,  they  could  not  use  the  same 
method  to  deal  with  scientific  activities  of  different  sorts.  The  scientific 
and  technical  system  restructuring  resolution  has  only  "for  technical 
development  and  applications  research  the  practical  value  for  which  may  be 
expected  in  the  near  term,  a  technical  contractual  system  should  be  gradually 
promoted."  The  "Resolution"  provides  that  "for  basic  research  and  partially 
applicable  research,  a  scientific  fund  system  should  be  tried  out,  the  sources 
for  that  fund  chiefly  coming  from  allocation  of  funds  from  the  national 
budget,"  and  "for  those  research  organizations  engaged  in  activities  of 
general  benefit  to  society,  such  as  medical  hygiene,  labor  protection,  planned 
births,  disaster  protection,  and  environmental  science,  as  well  as  those 
organizations  that  are  working  in  scientific  and  technical  service  and 
technical  basics  like  information,  standards,  measurements,  and  observation, 
outlay  will  still  be  by  the  state  under  an  outlay  responsibility  system."  For 
scientific  and  technical  accomplishments  to  enter  the  marketplace  as 
commodities  there  must  be  a  customer.  After  buying  a  scientific  or  technical 
achievement,  a  customer  will  always  want  it  to  be  able  to  bring  him  economic 
results  before  he  will  be  willing  to  put  out  the  appropriate  price.  Some 
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scientific  and  technical  achievements  are  of  benefit  to  society,  and  therefore 
the  state  ought  to  compensate  for  the  research  outlay.  Our  nation  wants  to 
represent  social  benefit  and  long-term  benefit,  so  categorical  management  of 
outlays  is  essential. 

We  can  also  imagine  the  kind  of  scientific  or  technical  achievement  that  would 
bring  economic  results  to  many  people.  There  is  urgent  need  to  spread  this 
kind  of  scientific  or  technical  achievement  widely,  and  the  wider  it  is  spread 
the  better.  And  perhaps  the  best  mode  for  spreading  this  is  to  provide  this 
achievement  free  of  charge,  even  to  proclaim  it  in  newspapers,  on  the  radio, 
and  on  television.  The  public  was  introduced  to  the  technique  of  "raising 
flies  in  captivity”  on  the  18  June  program  "Rural  Scientific  and  Technical 
Knowledge”  from  Central  Television  Broadcasting,  which  would  come  under  this 
sort  of  category. 

Opening  up  technical  markets  and  changing  the  system  of  funds  allocation  is  a 
new  important  thing  in  the  resolution  changing  the  scientific  and  technical 
system.  We  hope  that  this  kind  of  system  will  bring  even  greater  advantages 
to  developing  the  socialist  economy. 

In  addition,  the  "Resolution"  stipulates  that  the  opening  to  the  outside  is  "a 
long  term  basic  policy  for  China's  development  of  science  and  technology." 
According  to  principles  stipulated  in  the  "Resolution,”  the  forms  of 
cooperation  between  China  and  technically  advanced  foreign  enterprises, 
foreign  scientific  research  and  educational  organizations,  and  individual 
scientists  and  technicians  are  extremely  wide  ranging,  and  all  forms  of 
cooperation  that  can  be  adopted  have  nearly  all  been  taken  into  account,  and 
the  advantages  brought  by  that  cooperation  belong  of  course  to  the  two  or  more 
parties  involved.  China  has  come  up  with  far  reaching  strategic 
considerations,  has  produced  its  own  innovative  understanding  of  Marxist 
theory,  and  determined  that  in  implementing  its  bold  policy  of  opening  to  the 
outside  for  both  economics  and  for  science  and  technology,  we  hope  of  course 
that  those  who  cooperate  with  her  will  look  deeply  into  the  strategic 
significance  of  their  developing  economic  and  technical  exchanges  and 
cooperation  with  China.  The  experience  of  China  in  recent  years  has  deepened 
its  strategic  understanding  of  itself,  has  firmed  up  corresponding  policies, 
and  has  become  bolder  when  promoting  corresponding  policies.  In  recent  years, 
although  I  have  made  no  special  study  of  China's  policies  on  science  and 
technology,  my  strategic  study  of  developments  in  China's  overall  socialist 
economy  and  society  has  not  ceased  in  4  years.  I  feel  more  and  more  the 
importance  of  strategic  study  of  economic  and  social  development. 

I  firmly  believe  that  with  the  support  of  the  Central  Committee's  policies 
toward  science  and  technology  there  is  certain  to  be  a  great  development  for 
China's  economy  and  society. 
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NATIONAL  DEVELOPMENTS 


EFFECTS  OF  RESTRUCTURING  ON  CHINESE  ACADEMY  OF  SCIENCES 

Beijing  ZHONGGUO  KEJI  LUNTAN  [FORUM  OF  SCIENCE  AND  TECHNOLOGY  IN  CHINA] 
in  Chinese  No  1,  Sep  85  pp  8-10,  34 

[Article  by  Zhou  Guangzhao  [0719  0342  0664]:  "Develop  Science  and  Technology, 
Promote  the  National  Economy — Some  Thoughts  on  Work  at  the  Chinese  Academy  of 
Sciences"] 

[Text]  I. 

Since  the  3d  Plenum  of  the  11th  Central  Committee,  China  has  gone  through  a 
new  period  of  restructuring.  There  has  now  been  5  years  of  actual  practice 
for  the  rural  restructuring.  After  October  of  last  year,  we  went  on  to  begin 
a  restructuring  of  the  urban  economic  system,  the  science  and  technology 
system,  and  the  educational  system  throughout  the  country.  In  the  science  and 
technology  sphere  everyone  has  supported  the  restructuring.  At  the  center  of 
this  reform  is  an  invigoration  of  the  base  levels,  an  arousal  of  enthusiasm 
among  everyone,  a  move  in  the  direction  of  Chinese  style  socialism,  and  an 
implementation  of  a  planned  commodity  economy.  If  we  truly  support  this 
restructuring,  then  we  must  naturally  analyze  its  results  and  analyze  its 
demands  for,  effects  on,  and  problems  for  science  and  technology. 

Our  current  national  economy  is  built  on  the  base  of  science  and  technology, 
and  it  demands  that  science  and  technology  be  oriented  towards  the  economy, 
supporting  at  the  same  time  developments  in  science  and  technology  at  the 
level  permissible  by  the  economy.  However,  science  and  technology  have  their 
own  peculiarities  and  a  relative  independence,  but  modern  science  and 
technology  long  ago  left  the  stage  at  which  a  small  number  could  use  simple 
instruments  to  make  discoveries  and  understand  the  laws  of  nature.  If  for 
contemporary  scientific  research  there  were  no  accurate  instruments,  large 
scale  equipment,  or  a  certain  number  of  people  to  work  on  things,  there  would 
be  no  way  to  go  on.  There  must  be  investment,  instruments  and  equipment,  and 
a  certain  number  of  people.  The  scale  and  speed  at  which  science  develops  in 
a  given  country  is  determined  by  its  economy,  while  at  the  same  time  economic 
development  proposes  many  items  of  Interest  for  science  and  technology, 
stimulating  developments  in  science  and  technology.  Of  course,  selecting 
directions  and  topics  for  scientific  research  are  not  definitely  always 
because  of  production  and  economics,  but  can  be  for  understanding  the  laws  of 
nature,  for  understanding  those  phenomena  not  yet  understood.  While 
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undertaking  soientific  research,  certain  directions  and  topics  have  no 
directly  applicable  goal.  Some  results  also  serve  the  efforts  of  science  and 
technology  themselves.  It  is  because  of  this  relation  that  the  relative 
independence  of  science  and  technology  from  the  economy  is  generated.  But 
this  aspect  urges  that  for  science  to  better  serve  production  should  not  be 
slighted  because  of  its  effect  on  the  development  of  all  of  science  and 
technology.  All  laws  of  nature  that  are  understood  can  be  utilized  more  under 
certain  conditions  to  form  new  production  forces.  But  generally  speaking,  the 
scale  and  speed  of  science  and  technology  is  determined  by  the  economy,  and  if 
this  point  is  forgotten,  scientific  research  cannot  develop  well.  At  the  same 
time,  if  we  ignore  its  own  rules,  we  will  have  ignored  studies  of  its 
regularity,  which  could  become  pragmatism,  sacrificing  the  long  term  benefits 
of  science  and  production.  Strengthening  the  connections  between  scientific 
research  and  production  while  handling  well  the  relations  between  them,  is  a 
problem  that  our  workers  in  science  and  technology  ought  to  work  hard  at 
resolving. 

The  results  of  the  restructuring  of  China's  economic  system  will  certainly 
have  an  even  greater  effect  on  developments  on  science  and  technology  than 
before.  If  the  enterprises  that  we  have  are  not  in  a  system  that  is 
consistent  for  30  years,  but  rather  proceeds  from  the  demands  of  the 
marketplace,  then  their  products  will  certainly  be  renewed,  which  will  surely 
produce  new  requirements  for  the  renovation  of  science  and  technology.  These 
requirements,  generally  speaking,  will  be  certain  to  produce  even  greater 
stimulus  and  opportunity  for  developments  in  science  and  technology.  However, 
if  we  do  not  better  understand  and  make  use  of  these  stimuli  and 
oppo'rtTJhities,  ' the  Academy  of  Sciences  will  not  develop.  If  comrades  in  the - 
Academy  do  not  bring  a  fundamental  change  both  ideologically  and  conceptually 
and  in  management  methods,  then  while  science  and  technology  throughout  the 
country  develops  onward  many  of  our  institutes  might  wither. 

II. 

There  are  currently  various  models  in  the  world  today  by  which  to  develop 
science  and  technology.  There  is  the  American  model,  the  Soviet  model,  and 
there  are  the  models  in  between,  such  as  the  German  and  Japanese  models.  Now 
we  want  to  create  a  Chinese  model.  Well  then,  what  a  Chinese  model  would  be, 
what  a  model  would  be  for  the  Chinese  development  of  science  and  technology, 
requires  diligent  study,  thought,  and  creativity.  In  the  past  we  set  up  the 
Academy  of  Sciences  by  studying  the  Soviet  model.  Based  on  our  actual 
experiences,  this  model  has  been  as  successful  as  it  can  be,  but  has  many 
deficiencies.  These  are:  to  a  great  degree  it  has  been  divorced  from 
production.  According  to  the  current  model,  whether  or  not  the  Chinese 
Academy  of  Sciences  can  continue  to  exist  is  to  be  doubted.  This  model  can 
only  exist  in  a  system  of  a  completely  planned  economy  under  central 
authority.  Today  our  economic  system  has  begun  to  change  and  we  cannot  go 
back  that  this  kind  of  model.  In  the  1950's  and  the  early  part  of  the  1960's, 
the  Chinese  Academy  of  Sciences  made  great  contributions  to  our  nation,  and 
that  was  because  of  special  circumstances.  On  the  one  hand,  our  country  had  a 
completely  planned  economy,  prescriptively  planned,  and  on  the  other  hand,  it 
was  in  a  situation  closed  off  from  the  outside,  in  a  situation  where  no 
industrial  department  had  a  scientific  research  contingent,  but  these  special 
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circumstances  no  longer  exist  today,  nor  can  they  again. 

After  restructuring  the  economic  system  and  giving  full  play  to  the  role  of 
marketplace  adjustments,  the  value  of  technology  will  gradually  increase 
because  all  enterprises  will  have  to  constantly  renew  their  products.  At  the 
same  time,  within  enterprises  and  because  there  are  these  kinds  of 
requirements,  they  can  completely  form  their  own  research  contingents.  The 
scientific  and  technical  results  in  China  will  unavoidably  compete  With 
domestic  and  foreign  products  in  the  marketplace.  The  majority  of 
applications  research  and  developmental  work  is  done  by  enterprises  or  is 
subsidized  by  enterprises.  Those  things  that  are  truly  funded  by  the  nation 
are  in  that  portion  of  research  that  is  risky,  long  term,  and  where  the 
practical  significance  is  not  easily  seen.  Proceeding  according  to  laws  of 
the  marketplace,  what  are  national  independent  research  institutes?  They  are 
research  institutes  for  things  for  which  enterprises  do  not  have  the 
capabilities  and  that  require  national  investment,  or  which  require  large 
equipment,  or  which  undertake  long  term  basic  research.  Other  institutes  will 
be  replaced  by  enterprise  developed  Institutes  or  university  developed 
institutes.  This  is  not  a  change  we  are  making  intentionally,  but  has  been 
determined  by  rules  of  the  economic  system  restructuring.  We  will  want  to 
have  a  deep  understanding  regarding  this  type  of  problem. 

There  are  advantages  peculiar  to  socialism,  which  is  to  say  that  we  must 
travel  in  the  directions  of  Chinese  models,  must  fully  arouse  the  enthusiasm 
of  individuals,  and  organize  these  things  on  a  new  basis,  gather  together 
superior  capabilities,  and  develop  our  science  and  technology  in  a  planned 
way.  Especially  under  our  backward  conditions  in  China,  if  we  were  to  use  the 
western  models  completely  and  let  each  unit  and  individual  compete  blindly, 
that  would  create  a  great  waste  of  manpower  and  materials,  would  add  to  low 
quality  repetition,  and  we  would  always  be  following  behind  other  people  with 
no  alternatives.  Therefore,  we  must  find  ways  to  take  our  own  path  and  take 
over  the  advantages  of  models  from  other  countries,  since  only  in  this  way  can 
we  produce  new  contributions  for  the  development  of  Chinese  science  and 
technology  in  the  extremely  fierce  world  competition. 

III. 

Everyone  knows  that  scientific  research  has  administrative  levels,  while  there 
is  also  scientific  research  of  different  levels  in  our  Academy.  We  have 
research  work  at  different  administrative  levels  and  we  have  different 
disciplines,  which  are  advantages  for  the  Chinese  Academy  of  Sciences,  and  we 
have  a  group  that  has  undergone  several  decades  of  scientific  research,  which 
has  been  the  most  valuable  asset  for  the  Academy.  How  are  we  to  develop  our 
own  advantages  and  utilize  our  own  advantages?  This  is  a  problem  that  ought 
to  be  studied  at  all  levels  of  leadership.  One  thought  is  rather  clear,  which 
is  that  future  management  methods  for  research  at  the  Academy  will  be  based  on 
the  differing  natures  of  that  research,  managed  according  to  classification, 
and  cannot  be  done  as  before,  where  a  "one  knife  cuts  all"  approach  was  used. 
This  requires  that  each  institute  will  have  to  independently  develop  these 
disciplines  of  ours  according  to  the  nature  and  characteristics  of  their  own 
work  to  serve  the  national  economy. 
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In  the  "Resolution”  regarding  the  restructuring  of  the  science  and  technology 
system,  the  CPC  Central  Committee  has  said  that  higher  level  institutions  and 
the  Chinese  Academy  of  Sciences  have  the  responsibility  to  develop  China's 
basic  research  and  applications  research,  and  that  after  several  statistical 
surveys,  no  more  than  something  over  10  percent  of  the  capabilities  of  the 
Chinese  Academy  of  Sciences  are  being  used  for  basic  research.  We  must  find 
ways  to  allow  them  to  continue  research.  There  are  two  fundamental  goals  for 
work  in  basic  research,  one  being  to  represent  the  Chinese  people  in  making 
rightful  contributions  to  the  development  of  world  science.  In  another 
aspect,  our  basic  research  goes  through  a  period  of  time  when  a  certain 
portion  could  constitute  important  applications  and  exploitable  areas,  and 
from  that  we  should  train  a  knowledgeable  contingent  that  in  10  years  time 
could  open  up  new  industries.  For  this  purpose  we  should  prepare  the  efforts 
of  people  from  different  generations.  Currently,  the  average  age  of  those 
doing  basic  research  is  already  over  45  years,  and  it  is  not  realistic  to 
demand  that  these  comrades  reach  world  class  levels  in  a  few  years.  But  the 
work  of  basic  research  cannot  be  interrupted,  and  requires  continuation 
generation  after  generation,  with  generation  after  generation  of  effort  to 
allow  it  to  reach  world  class  levels.  Therefore,  among  those  comrades  doing 
basic  research  a  number  should  do  foundation  work  in  this  regard, 
uninterruptedly  accumulating  knowledge,  and  another  portion  of  comrades  who 
should  use  their  primary  efforts  to  train  younger  people,  and  drill  them.  We 
want  to  enhance  cooperation  with  all  high  level  institutions,  jointly  training 
for  our  country  a  new  generation  of  scientists  and  technicians  to  create  even 
better  conditions  to  attract  younger  people  to  these  research  fields,  which  is 
a  key  problem  regarding  whether  or  not  basic  and  applications  research  can 
make  major  discoveries.  We  want  to  break  up  this  "everything  by  seniority" 
practice  if  we  are  to  attract  the  most  outstanding  youth,  which  is  a  serious 
problem  regarding  whether  or  not  our  basic  and  applications  research  can 
continue  to  develop. 

We  all  hope  to  build  the  Chinese  Academy  of  Sciences  into  a  national 
comprehensive  research  center  for  the  natural  sciences.  How  will  we  be  able 
to  manage  this  kind  of  center?  The  first  step  is  to  set  up  open  laboratories 
and  open  institutes,  truly  facing  the  needs  of  all  of  China  and  of  society. 
Allow  the  most  outstanding  talent  in  the  country  to  come  to  the  open 
laboratories.  If  we  were  to  maintain  these  open  laboratories  in  our  own 
hands,  completely  serving  the  working  personnel  of  the  Academy,  that  could  not 
become  a  national  center  for  the  natural  sciences,  and  would  not  be  accepted 
by  society.  Therefore,  we  hope  institutes  will  break  up  boundaries  between 
institutes,  that  they  will  work  toward  developing  national  natural  sciences, 
and  allow  those  of  great  attainments  in  these  disciplines  throughout  our 
country  to  have  even  better  conditions  for  exchanging  and  studying  together, 
to  allow  them  to  be  the  masters  of  their  own  affairs. 

To  better  develop  the  work  of  basic  research  we  must  ensure  a  certain  outlay. 
Only  if  basic  research  is  understood  by  society,  is  closely  linked  with 
society,  can  it  obtain  more  funds  for  expenses.  Because  only  when  society  can 
understand  based  on  its  own  experience  that  by  providing  funds  it  can  receive 
even  more  economic  and  social  results,  will  it  be  willing  to  provide  those 
funds . 
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IV 


At  present,  applications  and  development  research  have  been  dealt  a  strong 
blow.  Things  like  integrated  circuits,  large  scale  computers,  color 
cassettes,  magnetic  recorders,  etc.,  after  so  many  years  of  hard  work  are  now 
in  a  passive  situation  in  the  new  trend  toward  importation.  In  the  past,  this 
contingent  assumed  many  tasks  for  the  nation  and  has  made  great  contributions, 
as  for  example  with  range  equipment,  microwave  devices,  many  components  on 
satellites,  etc.,  which  was  a  glorious  part  of  history.  But  times  have 
changed  and  we  have  moved  from  confinement  to  openness,  and  customers  can  have 
even  greater  choices  in  the  marketplace,  for  which  reason  we  are  facing  great 
competition  both  domestic  and  foreign.  If  our  technology  cannot  win  out  in 
competition  there  is  the  possibility  that  it  will  be  eliminated.  At  present, 
neither  our  thinking  nor  our  management  methods  suit  this  new  situation,  we 
have  no  concept  of  economic  accounting  and  the  marketplace,  we  have  no  close- 
knit  organizations  and  rules  for  engaging  in  modern  large  scale  science  and 
technology  and  production,  we  have  localized,  and  dispersed  efforts  all  over 
the  place,  but  we  have  not  formed  a  strong  contingent.  Therefore,  our 
applications  research  and  developmental  research  must  be  better  organized  and 
linked  together,  it  must  develop  the  advantages  of  the  Chinese  Academy  of 
Sciences,  it  must  seek  to  compete,  to  take  on  great  tasks  for  the  nation.  If 
we  remain  in  a  very  loose  state,  we  will  not  be  successful  in  the  processes  of 
bidding  and  competition.  At  the  same  time,  we  must  fully  utilize  our  policy 
of  opening  to  the  outside.  We  cannot  passively  await  imports  to  shatter  our 
applications  and  developmental  research  but  must  actively  use  imports  to  even 
better  stimulate  our  applications  and  developmental  research.  Of  course,  the 
starting  point  of  our  applications  and  developmental  research  ought  to  stand 
higher  than  industrial  departments  since  our  goal  is  not  to  take  over  markets 
already  occupied  by  the  industrial  departments.  Our  goal  is  to  use  new 
technology  to  open  up  new  domestic  and  foreign  markets,  especially 
international  markets.  To  help  this  nation  create  technologically  intensive 
industries  able  to  compete  on  world  markets,  and  at  the  same  time  to 
infiltrate  international  markets. 

As  for  development  work,  we  ought  to  strengthen  horizontal  relations  with 
departments,  local  areas,  and  enterprises,  and  based  on  our  needs  to  combine 
our  technology  with  their  funds  and  manpower  to  form  joint  operations,  several 
of  which  have  already  begun  operation.  There  are  only  something  over  10 
percent  of  those  in  the  Chinese  Academy  of  Sciences  truly  doing  basic 
research,  and  there  are  30  or  40  percent  doing  key  long-term  application 
projects  and  large  scale  projects,  with  another  30  or  40  percent  engaged  in 
developmental  research,  and  they  are  the  bridge  that  links  basic  and 
applications  research  with  the  economy.  There  is  a  connection  between  our 
backward  production  technology  and  the  fact  that  we  lack  this  sort  of  work, 
and  if  we  do  not  fully  arouse  the  enthusiasm  of  these  cadres,  we  will  be 
unable  to  quickly  transform  the  Chinese  Academy  of  Sciences'  results  into 
productive  forces. 

The  Chinese  Academy  of  Sciences  has  a  glorious  tradition,  and  both  the  state 
and  the  people  want  us  to  make  new  contributions  to  the  four  modernizations, 
strengthen  scientific  research  that  is  geared  to  the  economy  and  develop 
science  and  technology:  this  is  a  task  that  has  been  handed  to  us  by  history. 

Under  new  reform  conditions,  leaders  at  all  levels  must  earnestly  ponder  the 
situation,  take  the  initiative,  lead  all  personnel  into  becoming  a  powerful 
revolutionary  force,  proceed  in  a  social  direction  and  seize  new  victory. 
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27  January  1986 


NATIONAL  DEVELOPMENTS 


RELATION  OF  CHINA'S  DOMESTIC  POLICIES  TO  THE  OUTSIDE 

Beijing  ZHONGGUO  KEJI  LUNTAN  [FORUM  OF  SCIENCE  AND  TECHNOLOGY  IN  CHINA] 
in  Chinese  No  1,  Sep  85  PP  4-7 

[Article  by  Song  Jian  [1345  0256];  "The  Chinese  Restructuring  and  Opening  to 
the  Outside"] 

[Text]  A  far  reaching  restructuring  of  the  economic  and  science  and 
technology  systems  is  just  now  going  on  in  China.  The  courage  and 
practicality  shown  by  the  party  Central  Committee  and  State  Council  during 
this  reform  has  won  the  ardent  support  of  all  Chinese  people,  and  has  as  well 
attracted  the  attention  of  politicians,  economists,  and  scientists  around  the 
world.  That  four  special  zones,  Hainan  Island,  and  14  coastal  cities  have 
opened  up  to  the  outside,  that  the  Hong  Kong  problem  has  been  smoothly 
resolved,  and  that  a  policy  of  1  country  2  systems  has  been  adopted  have  all 
added  new  substance  and  character  to  the  Chinese  restructuring.  Many 
intelligent  people  throughout  the  world  have  felt  that  China's  two  systems  in 
one  country  is  a  most  courageous  and  most  attractive  pioneering  undertaking 
during  the  20th  century. 

As  everyone  knows,  in  more  than  3>000  years  of  history  before  the  industrial 
age  China  had  created  a  glorious,  resplendent  civilization  in  this  world. 
Those  relics  everywhere  in  the  Chinese  area  of  influence  that  have  remained  to 
the  present,  such  as  the  Great  Wall,  antiquities,  and  the  Qin  tombs,  still 
provide  a  great  sense  of  pride  for  the  Chinese  people,  and  even  bring  a 
feeling  of  awe  to  the  rest  of  the  world.  In  the  most  recent  half  century, 
China  has  fallen  behind,  and  although  many  well  meaning  people  have  struggled 
and  sacrificed  to  change  the  poor  and  backward  conditions  in  China,  they  have 
unfortunately  not  yet  succeeded.  I  would  rather  skip  over  this  quite 
convoluted  stage  of  history.  And  that  is  because  whether  it  be  clinging  to 
the  glories  of  the  ancestors  or  immersing  ourselves  in  painful  memories,  these 
things  could  not  change  what  has  happened,  nor  can  they  be  of  much  help  to 
China's  present  revitalization. 
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The  American  poet,  Longfellow,  said: 

"Our  goal 

is  not  happiness,  nor  is  it  sorrow 

But  to  struggle 

to  make  each  tomorrow 

guide  us  to  a  distant  well-being." 

Where  China  is  extremely  fortunate  is  that  under  the  leadership  of  the  Chinese 
Communist  Party  liberation  was  finally  won  in  19^9,  and  especially  since  1978 
China  has  traveled  a  more  correct  road.  Enormous  gains  were  made  from  the 
rural  reform,  from  which  has  emerged  a  flourishing,  prosperous  scene.  Urban 
reform  has  already  begun,  immediately  producing  good  momentum.  China's  1984 
GNP  reached  $455  billion,  up  13  percent  over  the  year  before;  the  gross 
industrial  and  agricultural  output  value  was  $376.8  billion,  up  more  than  14 
percent  over  the  previous  year;  and  the  national  income  was  $194.5  billion,  up 
12  percent  over  the  year  before.  A  growth  rate  this  high  has  seldom  been  seen 
in  Chinese  history. 

I. 

Mankind  is  everlasting  but  human  life  is  short,  and  the  flourishing  of  a 
people  will  require  several  generations  of  continued  effort  before  it  can  be 
accomplished.  For  more  than  30  years,  and  especially  in  the  last  few, 
although  China  has  made  great  progress,  when  compared  to  many  developed 
countries  in  the  world,  production  and  living  standards  are  still  quite  low. 
Current  per  capita  output  value  is  only  $450,  which  puts  us  among  countries  of 
the  world  that  have  a  low  income.  During  the  past  few  decades  China's 
scientists  have  mastered  atomic  technology,  launched  satellites,  and 
synthesized  insulin.  However,  as  for  the  design  and  production  of  the 
necessities  of  human  life  and  for  contributions  to  the  entirety  of  economic 
development,  this  still  cannot  be  considered  very  great.  That  it  should  be 
this  way,  one  important  reason  aside  from  historical,  political,  and 
ideological  ones  is  that  the  economic  and  scientific  and  technological  systems 
have  formed  a  kind  of  model  not  suitable  for  the  development  of  social 
production  forces  and  of  science  and  technology.  The  primary  abuse  of  this 
model  has  been  that  state  control  of  enterprises  and  research  structures  has 
been  stifling,  commodity  production  and  the  functions  of  the  laws  of  value  and 
markets  have  been  neglected,  egalitarianism  in  allocation  has  been  serious, 
etc.  All  of  this  has  caused  a  lack  of  vigor  in  enterprise  and  research 
structures,  and  workers  and  scientists  have  all  eaten  from  the  great  state 
pot.  Consequently,  people  have  often  forgotten  that  the  prosperity  of  a 
nation  needs  the  diligent  struggle  of  each  individual. 

Summing  up  our  own  lessons  from  experience,  if  we  look  at  the  history  of  the 
development  of  mankind's  modern  civilization,  we  can  gradually  realize  that, 
first,  a  commodity  economy  is  a  stage  that  no  country  can  pass  over  in 
advancing  toward  modernization;  second,  certain  beneficial  experiences  and 
accomplishments  of  every  developed  country  of  the  world  as  it  develops  its 
economy  and  science  and  technology  are  indexes  of  advancements  in  mankind's 
civilization,  and  ought  to  be  studied;  third,  at  present,  the  economy  of  any 
country  has  its  national  characteristics,  and  no  country  can  modernize  by 
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living  an  idyllic  confined,  self-sufficient  life}  fourth,  building  toward 
modernization  must  be  based  upon  science  and  technology,  while  science  and 
technology  can  only  catch  up  with  the  pace  of  world  advances  in  an  environment 
that  is  open  to  the  whole  world,  for  confinement  signifies  eternal 
backwardness . 


To  realize  the  grand  goal  of  an  economic  quadrupling,  China  is  currently 
dealing  with  two  matters,  one  being  restructuring,  the  other  opening  to  the 
outside.  In  October  of  1984  and  March  of  1985,  the  party  Central  Committee 
produced  two  resolutions  regarding  restructuring- of  the  economic  system  and 
restructuring  of  the  scientific  and  technological  system.  These  two 
resolutions  have  made  clear  the  direction  of  restructuring  and  outlined  the 
blueprint  of,  restructuring. 

In  the  aspect  of  reform  of  the  economic  system,  it  is  stressed  that  within  a 
planned  commodity  economy  we  must  depend  upon  and  use  the  laws  of  value,  and 
stimulate  the  greater  development  of  commodity  production  and  commodity 
exchange.  Only  in  this  way  can  we  realize  the  modernization  of  Chinese 
society  and  the  socialization  of  production,  and  can  we  enrich  our  country. 
The  Central  Committee  has  resolved  that,  first,  we  will  change  the  various 
ways  that  the  state  has  too  tightly  governed  enterprises,  and  will 
appropriately  separate  the  rights' of  state  run  enterprises  from  management 
authority,  giving  enterprises  full  authority  for  autonomous  management} 
second,  we  will  reduce  the  scope  of  national  planning  and  management,  will 
.develop  a  market  economy,  will  allow  as  many 'enterprises  as  possible  to 
compete  in  the  marketplace,  to  improve  commodity  quality  through  competition, 
to  improve  the  rate  of  productivity,  to  accumulate  funds,  and  to  self  develop} 
third,  staff  wages  will  be  linked  to  enterprise  profits,  and  they  will 
increase  as  profits  grow}  fourth,  the  responsibilities  of  government  lie  in 
overall  control,  to  use  the  methods  of  policy, laws, investment,  wages,  and 
tax  income  to  adjust  the  entire  economic  system  according  to  statistics  for 
the  whole  society,  to  achieve  a  coordinated  development.  In  summary,  the  most 
important  measure  of  the  reform  is  to  reduce  prescriptive  planning,  and  to 
selfconsciously  rely  upon  and  use  the  laws  of  value,  fully  respecting  the  role 
of  market  adjustments,  and  forcefully  developing  a  commodity  economy. 

Price  is  a  measure  of  commodity  production  and  exchange  and  a  lever  for 
adjusting  relations  between  supply  and  demand.  -Principle  commodities  in  the 
past  were  given  a  unified  price  by  the  government.  As  time  went  on,  this  non- 
changing  price  could  not  reflect  the  price  of  the  commodity,  nor  could  it 
reflect  supply  and  demand  relations  between  society  and  itself.  If  we  wish  to 
give  full  play  to  the  role  of  market  structures  on  economic  development,  we 
must  reduce  inflexible  intervention  by  the  government  in  market  prices,  and 
allow  the  majority  of  commodity  prices  to  float  freely  according  to  market 
supply  and  demand  relations.  Therefore,  the  first:  step  toward  restructuring 
of  the  economic  system  would  be  a  planned  and  progressive  adjustment  of  prices 
to  establish  a  reasonable  pricing  system.  Reasonable  pricing  is  the  key  to 
the  success  or  failure  of  restructuring  of  the  entire  economic  system.  This 
step  that  the  party  Central  Committee  and  State  Council  has  taken  is  to  have 
adopted  a  very  cautious  measure,  as  they  have  already  decided  that  the  1985 
restructuring  of  the  economic  system  will  begin  with  reform  of  pricss  and 
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wages.  The  principle  is  resolute,  acting  with  caution,  and  certain  to 
succeed. 

The  wage  system  is  closely  connected  to  commodity  prices,  and  will  also  be 
restructured,  where  the  goal  is  to  break  up  egalitarianism  and  to  encourage 
that  portion  of  people  to  get  rich  first  who  will  create  the  most  wealth  for 
society  and  help  those  behind  to  advance.  Wages  for  staff  of  state-run 
enterprises  depend  upon  benefits  from  enterprises,  and  will  thoroughly 
implement  the  principle  of  compensation  for  work  done.  Finally,  under  the 
premise  of  maintaining  the  leading  position  of  national  rights  in  the  economy, 
we  will  encourage  the  development  of  collective  rights  and  individual  rights, 
and  will  also  develop  various  modes  of  economic  relations  and  cooperation 
among  the  people,  collectives,  and  individuals,  allowing  all  people  the 
opportunity  to  be  able  to  create  wealth  for  society. 

Facts  have  already  shown  that  the  restructuring  of  China's  economic  system  was 
first  successful  in  the  rural  areas.  That  agricultural  production  levels, 
about  which  the  Chinese  people  have  been  anxious  for  so  long,  could  develop  so 
abruptly  in  such  a  short  time,  has  as  its  primary  reason  the  change  in  the 
large  and  collective  people's  commune  system,  where  a  contract  responsibility 
system  based  on  production  was  given  full  scale  promotion.  The  rural  economy 
is  just  in  a  transformation  toward  specialization  and  commercialization. 
Farmers  have  begun  to  open  workshops  in  villages  and  townships  and  run 
enterprises.  The  current  Chinese  countryside  is  seething  with  activity,  all 
places  are  thriving.  1984  output  value  for  small  enterprises  in  rural 
villages  and  townships  has  already  reached  $46.5  billion,  an  increase  of  24 
'P^ercent  oveT^^lie  preirtoTis  year.  That  is  more  than  40  percent  of  the  national 
agricultural  gross  output  value. 

II. 

Vigorous  development  of  a  people  depends  in  the  final  analysis  upon  progress 
in  science  and  technology.  People  are  used  to  seeing  science  as  an  exalted 
goddess,  who  helps  us  understand  the  truth.  Technology  appears  to  be  her 
elder  son,  whose  responsibility  is  in  creating  wealth  for  the  enjoyment  of 
mankind.  Advances  in  science  and  technology  and  economic  development  is  a 
twin  process  mutually  built  up.  Modern  science  and  technology  has  already 
become  a  primary  motivation  for  stimulating  social  modernization. 

There  are  currently  more  than  9>900  research  organizations  in  China,  among 
which  5,400  are  supported  by  public  finance.  In  the  past  they  have  done  much 
work  to  be  proud  of,  but  it  cannot  be  said  that  they  have  made  great 
contributions  to  a  flourishing  marketplace  nor  to  the  development  of  the 
social  economy.  Scientists  usually  tend  toward  seeking  profound  theories  and 
high-level  technology,  seldom  paying  much  attention  to  transforming  their 
accomplishments  as  quickly  as  possible  to  social  wealth  for  people  to  enjoy, 
and  science  and  technology  have  become  disjointed  from  production.  This  was 
the  greatest  deficiency  in  the  Chinese  scientific  and  technical  system  of  the 
past. 

The  Central  Committee  has  determined  that  at  the  same  time  as  the  economic 
restructuring  there  will  also  be  a  restructuring  of  the  scientific  and 
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technical  system.  The  purpose  of  the  reform  will  be  to  create  the  kind  of 
environment  that  will  allow  the  great  majority  of  research  organizations,  and 
especially  those  research  organizations  that  are  closely  related  to  the 
exploitation  of  technology,  to  generate  an  internal  vigor  in  the  economy,  a 
situation  that  will  allow  the  great  majority  of  researchers  to  automatically 
build  the  economy  and  pay  close  attention  to  the  economic  results.  And 
society  will  provide  to  those  units  and  individuals  that  make  contributions 
toward  a  thriving  economy  even  more  respect  and  attention,  and  the  material 
benefits  to  scientific  and  technical  personnel  will  match  their  contributions. 

We  will  first  change  the  funds  allocation  system.  The  government  will 
gradually  reduce,  and  even  stop,  gratuitous  funds  allocation  to  developmental 
research  organizations.  Expenses  will  be  obtained  through  reaching  contracts 
with  enterprises,  by  transferring  technology  to  enterprises,  or  by  performing 
services  for  society.  For  nationally  important  scientific  research  projects 
the  methods  of  public  bidding  and  contracts  will  be  used.  There  will  be  a 
fund  system  for  basic  research  and  applications  research,  and  there  will  be 
evaluation  by  peers  and  support  of  the  outstanding.  As  for  highly  technical 
development  work  that  is  fast  changing  and  somewhat  risky,  we  will  establish 
funds  for  pioneering  work  to  support  it.  As  for  scientific  organizations  of  a 
social  service  nature,  such  as  astronomy,  time  service,  meteorology, 
measurements,  information,  environmental  protection,  and  hygiene,  expenses 
will  still  be  paid  by  the  government,  but  in  a  contractual  system. 

Second,  we  will  open  up  the  technical  marketplace  to  suit  developments  in  the 
commodity  economy.  We  will  change  the  past  practice  where  everyone  ate  from 
the  "large  pot,"  and  where  findings  were  distributed  gratuitously  on  orders 
from  higher  levels  to  a  compensated  contractual  system  that  will  enable 
technical  findings  to  act  as  funds  for  investment  in  enterprises,  and  which 
can  also  be  sold  on  the  open  market.  We  will  open  all  doors  to  the 
circulation  of  technology  to  allow  technology  to  flow  uninterrupted  from 
research  organizations  to  enterprises,  flowing  toward  the  countryside, 
spurring  on  the  advancement  of  enterprises,  and  stimulating  local  development. 

Third,  we  will  strengthen  the  introduction  of  technology  and  developmental 
capabilities  to  enterprises.  To  solve  the  problem  whereby  production 
technology  levels  are  universally  low  in  Chinese  enterprises,  we  will 
encourage  independent  research  organizations,  and  especially  developmental 
technical  organizations,  to  establish  joint  relations  with  enterprises  on  the 
basis  of  voluntary  mutual  benefit,  or  to  join  and  form  one  organization.  Large 
scale  enterprises  will  gradually  set  up  their  own  technical  development 
departments.  Middle  and  small  scale  enterprises  may  jointly  run  shared 
technology  development  organizations.  As  for  technical  development  work 
undertaken  for  enterprises,  there  will  be  compensation  by  the  state  in  the 
aspects  of  price,  taxing,  and  credit. 

Fourth,  we  will  restructure  the  system  that  manages  scientists  and 
technicians.  We  will  gradually  implement  an  appointment  system  for  them.  We 
will  permit  them  to  be  reasonably  transferred  to  areas  and  units  that  need 
them  more  and  that  can  make  best  use  of  them,  we  will  encourage  them  to  go  to 
the  countryside,  to  middle  and  small  enterprises,  and  to  develop  frontier 
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areas.  We  will  ensure  for  them  the  scholastic  freedom  to  investigate  and  the 
freedom  of  discussion^  to  allow  people  to  seek  the  truth  without  fear. 

Comrade  Deng  Xiaoping  has  pointed  out  that  "the  new  economic  system  ought  to 
be  a  system  beneficial  to  technical  development.  The  new  science  and 
technology  system  ought  to  be  a  system  beneficial  to  economic  development. 
Working  along  both  lines,  long  standing  problems  with  the  separation  of 
technology  and  economics  can  possibly  be  resolved  in  a  better  way.” 

The  current  restructuring  will  change  modes  of  activity,  organizational 
structures,  and  certain  ideological  viewpoints  that  people  have  been 
accustomed  to  for  many  years.  This  is  like  a  10,000  ton  large  ship  turning 
around,  and  is  a  very  great  movement.  However,  China's  restructuring  is  in 
keeping  with  world  trends,”  it  fits  China's  actual  situation,  is  supported  by 
the  Chinese  people,  and  iS  of  concern  to  the  people  of  the  world.  As  long  as 
we  resolutely  keep  tb  the  direction  of  the  reform,  energetically  lead  while 
going  at  things  quite  cautiously,  the  direction  will  be  forward,  measures 
appropriate,  and  China's  restructuring  is  certain  to  be  successful. 

■III:.  ■  ^ 

Advances  in  science  and  technology  have  already  made  bur  earth  smaller. 
Communications  satellites  and  modern  communications  technology  allow  us  to 
know  in  a  few  hours  anything  that  happens  anywhere  in  the  world;  when 
necessary,  one  can  go  to  any  place  in  the  world  on  any  given  day.  Literary 
persons  have  said  that  this  world  has  already  become  a  global  village.  It  is 
accurate  to  say  that  the  world  of  today  is  an  intricately  woven  large  system, 
and  no  country  can  place  itself  outside  of  this  system.  That  contemporary 
technology  has  reached  its  current  perfection  means  that  every  people  has  made 
contributioris  oh  this  behalf.  Today,  nearly  every  invention  and  creation  and 
every  developed  application  for  a  new  technology  actually  depends  upon  the 
joint  efforts  and  cooperation  in  shared  labor  by  scientists  and  technicians  in 
every  country  of  the  world  under  differing  conditions.  Similarly,  no  new 
industrial  breakthrough  nbr  any  great  accomplishment  in  the  building  of  an 
economy  can  be  made  in  ^an  environment  apart  from  the  world.  There  is  no 
country  or  people  that  can  enjoy ‘ the  full  measure  of  a  modern  civilization  in 
a  confined,  self-sufficient  idyllic  life. 

Based  on  the  requirements  for  building  a  modern  China,  the  party  Central 
Committee  and  State  Council  have  decided  to  implement  a  policy  of  opening  to 
the  butside.  In  complete  opposition  tb  many  years  of  a  tradition  of  locking 
up  our  country,  we  have  opened  our  doors  to  the  world.  Politically,  we  have 
implemented  two  systems  in  bne  country,  we  have  economic  relations  with  all 
friendly  countries,  and  have  elicited  international  cboperation  in  science  and 
technology.  In  a  word,  we  are  in  touch  with  the  world,  we  are  moving  toward 
the  world,  we  are  studying  all  good  things  in  mankind's  modern  civilization, 
we  have  combined  these  things  with  the  excellent  traditions  of  the  Chinese 
people,  we  are  promoting  our  own  economy,  and  we  are  developing  science  and 
technology.  We  truly  believe  that  in  the  not  too  distant  future  the  Chinese 
people  will  stand  together  with  the  other  great  peoples  of  the  world  to  make 
even  greater  contributions  to  mankind's  civilization. 
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The  policy  of  opening  to  the  outside  that  China  is  carrying  out,  though  it  has 
not  been  in  effect  long,  has  already  taken  a  very  great  step.  From  1980 
through  1983,  the  Chinese  national  income  grew  by  32  percent,  while  imports 
and  exports  grew  by  57  percent,  and  overall  foreign  investment  in  China  is 
nearly  $7  billion.  The  total  number  of  scientific  and  technical  cooperative 
projects  between  China  and  other  countries  has  reached  more  than  3»000,  and 
more  than  50,000  specialists  have  gone  back  and  forth.  Chinese  scientists 
have  joined  more  than  80  international  scientific  and  technical  organizations 
and  scientific  groups.  There  are  already  nearly  30,000  Chinese  graduate  and 
exchange  students  abroad. 

In  addition  to  the  4  areas  already  opened  to  the  outside,  China  last  year  also 
opened  14  coastal  cities  that  belong  to  the  most  essential  economic  and 
technically  developed  regions  of  China,  such  as  Shanghai,  Tianjin,  Dalian,  and 
Hainan  Island.  In  time,  even  more  coastal  regions  from  the  south  to  the  north 
will  be  open  to  foreign  investors  as  China's  modernist  construction  develops. 
In  the  aspects  of  law,  immigration,  marriage,  and  taxes,  the  government  has 
already  or  is  currently  providing  for  new  open  policies  to  be  of  use  to 
exchanges  between  the  peoples  of  China  and  abroad.  Relations  between  the 
economy  of  China  and  the  world  economy  will  become  closer  and  closer  as  the 
scope  of  China's  openness  expands,  and  the  scope  of  interchanges  between  the 
Chinese  and  other  peoples  will  continue  to  expand. 

Restructuring  and  opening  to  the  outside  are  the  kernel  of  China's  current 
policies.  If  we  are  to  restructure  we  must  open  up,  and  if  we  are  to  open  up 
we  must  restructure.  These  two  governmental  policies  suit  the  trends  of  the 
world,  suit  the  needs  of  China  in  its  modern  construction,  and  have  already 
been  shown  by  actual  experience  and  will  continue  to  be  shown  by  actual 
experience  to  have  great  vitality,  and  cannot  be  changed  by  any  person.  We 
could  not  cease  if  we  wanted,  we  could  not  stop  if  we  wanted,  not  could  we  go 
back  to  other  directions. 

There  is  a  deep  friendship  between  the  peoples  of  China  and  the  other 
countries  of  the  world.  China  is  willing  to  develop  economic,  technical,  and 
trade  cooperation  with  all  friendly  nations  on  the  basis  of  equality  and 
mutual  benefit.  We  welcome  entrepreneurs  from  all  friendly  countries  to  come 
to  China  to  run  enterprises  and  other  trade  organizations,  and  we  welcome 
scientists  and  technical  specialists  from  all  friendly  countries  to  develop 
scientific  and  cultural  exchange  cooperation  of  all  sorts  with  China, 
including  coming  to  China  to  investigate,  teach,  and  work.  And  this  includes 
as  well  cooperative  research,  development,  design,  manufacture,  etc.,  with 
Chinese  scientists  and  technical  specialists.  In  exchange  activities  of 
various  sorts,  they  will  discover  that  the  ancient  people  of  China  have 
entered  a  new  spring,  and  they  are  moving  toward  the  world  and  toward  the 
future . 
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SIMPLE  METHOD  TO  CONSTRUCT  CUBIC  SPLINE  FUNCTION  DESCRIBED 
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[Article  by  Tan  Fuqi  [6223.4395  2601]  of  the  PLA  Engineering  School  in 
Changsha,  manuscript  received  on  19  May  1982;  "A  Simple  Method  To  Construct 
the  Cubic  Spline  Function'*] 

[Text]  Abstract:  A  simple  method  to  construct  the  cubic  spline  function  is 
presented.  In  addition,  relevant  problems  are  discussed.  Finally,  various 
treatments  for  different  situations  are  introduced. 

The  advantage  of  using  a  spline  function  as  an  interpolation  function  is  well 
known.  Because  it  is  more  difficult  to  construct  a  spline  function,  however, 
its  wide  application  is  limited.  We  all  know  that  in  order  to  construct  a 
spline  function  it  is  necessary  to  bring  simultaneously  the  nodal  function 
values  and  boundary  conditions  into  a  series  of  equations.  Then,  the  unknown 
parameters  are  determined  based. on  these  equations.  In  a  cubic  spline  func¬ 
tion,  the  second  order  derivative  of  every  node  (i.e.,  the  bending  moment  of 
the  spline)  must  be  solved  to  obtain  the  spline  function.  This  not  only  is 
cumbersome  to  treat  mathematically  but  also  wastes  computer  memory.  Further¬ 
more,  in  some  cases  it  is  almost  impossible  to  do.  For  instance,  when  we  only 
have  simple  computation  tools  (including  minicomputers)  or  when  the  problem  is 
too  trivial  to  write  a  program  to  be  calculated  on  a  computer,  it  is  impossi¬ 
ble  to  use  a  spline  function  as  an  interpolation  function  based  on  the  conven¬ 
tional  methods  for  constructing  the  spline  function.  Is  it  possible  to  find  a 
simple  method  to  construct  a  common  spline  function?  The  author  studied  the 
problem  and  felt  that  a  section  by  section  iterative  construction  method  could 
be  used  to  construct  the  common  cubic  spline  function.  It  is  very  effective. 
The  method  is  Introduced  in  the  following. 

Let  us  only  consider  three  neighboring  nodes  and  If  the  func¬ 
tional  values  are  f]j;_i,  fj^,  and  f ,  and  the  second  derivative  of  is 

f'k-i.  assume  that  the  spline  function  for  this  segment  is: 

By  substituting  the  functional  values  for  xjj^_^,  xj^.,  and  lnt.b  equation 

(1),  we  can  get  three  equations  containing  the  unknown  constants  A,  B,  C,  and 
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D.  Another  equation  can  be  obtained  by  plugging. the  known  second  order 
derivative  f"k_i  at  X|^_i  into  the  second  derivative  of  s(x).  A,  B,  C,  and  D 
can  be  uniquely  determined  by  these  four  equations.  The  results  are: 


D — fk-if  C 


_ /* _ /*-!  _ 

Xk-X^.l 


/  /*+l  f  h-l 

—  —  \  / fv  V  \  \ 

(2) 


A,  B,  C,  and  D  thus  obtained  from  equation  (2)  are  plugged  into  equation  (1) 
to  obtain  the  spline  function  in  the  segment  from  to  xj^.  If  we  find  the 

second  order  derivative  of  s(x)  and  then  replace  x  =  »  then  we  will  be 

able  to  determine  the  second  order  derivative  at  x^^.^which  is  expressed  as 
f"k+i-  Then 

— Xi,)-\-2B  (3) 

where  A  and  B  are  the  A  and  B  determined  from  equation  (2).  The  value  of 
obtained  from  equation  (3)  is  used  as  the  initial  value  to  construct 
the  spline  function  in  the  next  segment  (i.e.,  from  x^+j^  to  using 

the  same  method.  Thus  the  spline  function  in  each  segment  can  be  found. 

Thus,  as  long  as  the  function  at  each  node  and  the  initial  second  derivative 
are  known,  the  cubic  spline  function  can  be  derived  based  on  the  method  men¬ 
tioned  above. 

Can  this  method  be  used  to  construct  a  cubic  spline  function  for  any  function 
to  be  Interpolated?  Let  us  discuss  this  problem  in  the  following. 

It  must  be  pointed  out  that  the  function  thus  constructed  is  not  an  accurate 
spline  function.  Instead,  it  is  an  approximate  solution  of  the  spline  func¬ 
tion  because  the  first  derivative  is  not  continuous  at  the  nodes.  In  some 
cases  the  value  of  the  first  derivative  on  the  left  of  a  node  only  differs 
slightly  from  that  on  the  right.  We  can  treat  this  spline  function  as  a 
valid  approximation.  In  other  cases,  the  difference  is  very  large.  It  is 
inappropriate  to  still  consider  it  as  an  approximation.  What  are  the  condi¬ 
tions  under  which  the  method  is  valid?  What  are  the  controlling  conditions? 
In  the  following  we  will  first  explain  the  physical  significance  and  then 
perform  some  mathematical  analyses.  Finally,  we  will  present  various  treat¬ 
ments  for  different  cases. 

As  we  all  know  that  physically  the  cubic  spline  function  is  equation  of  the 
curved  elastic  spline  which  passes  through  every  Interpolating  point.  Its 
direction  is  determined  by  the  position  of  each  interpolating  point  and  the 
boundary  conditions.  Normally,  the  boundary  conditions  are  required  to 
construct  a  unique  spline  function.  The  segment  by  segment  construction 
method,  however,  only  needs  one  boundary  condition.  The  other  one  is 


53 


secondary.  As  long  as  the  initial  boundary  condition  is  given,  the  correspond 
ing  final  boundary  condition  is  defined.  Thus,  there  are  two  possibilities: 
the  method  is  valid  because  final  value  is  close  to. the  actual  boundary  condi 
tion  and  the  error  is  small,  or,  the  method  is  not  valid  because  the  final 
value  disagrees  totally  with  the  actual  boundary  condition  and  the  error  is 
very  large.  There  is  no  doubt  that  we  must  attach  certain  conditions  under 
which  the  function  constructed  meets  the  requirement.  Let  us  analyze  this 
problem  in  the  following. 

From  the  physical  meaning  of  the  spline  function  we  know  that  as  an  elastic 
curve  its  elastic  potential  energy  must  be  a  minimum,  i.e.. 

Let  us  integrate  from  to 

From  equation  (1)  we  get 

s"  ( Jff )  =»  2C  + 5 -^  ( .  I  +  .r* + a:*, , )  ] 


By  substituting  x"(x)  into  the  Integral 
■'**-1 

and  by  using 


we  get  the  following 

f»*+i 

■'»*-« 

C**+t 

Based  on  equation  (5)  we  know  that  [s"(x)]^dx±s  a  second  order  equation  of 

A.  According  to  the  charactersltics  of  such  equations,  because  the  coeffi¬ 
cient  of  the  A^  term  is  positive  and  b^-4ac  <  0,  A  is  always  positive. 

There  is  a  minimum  when  A  =  -b/2a.  Here, 

a-Uix^^i-x^.^y, 

f**+j 

In  order  to  minimize  [s''(,x)ydx 

J  Xk-l 

. _ b_- . . 

2o  4(5f*+i  ^*-i) 

(6) 
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Based  ,on  equation  (2)  ,  we  get 


(mi-mj)- 


{Xk 


+1 — J 


1 

2*^)^- 1  "^Xh  1 


where  and  — ifk'^fk-i)/{Xk—X),_^)  represent 

the  slopes  of  LN  and  LM,  respectively  (see  Figure  1).  By  substituting  A  into 
equation  (6)  we  get 


(m,— m,) — — -  —  - . — 


—  f 

I  *-i 


After  simplification,  it  becomes 


Mf  M  »  (^*  +  1  ( 3^fc+i )  eif 

mi— mj— ■  iC„— \ . -  -  f  k-i 

QJ-  4l,-*i  +  l 

_  . 

( ^* + 1  ”  ^» )  ( 3Jf/! + 1  "i*  •5^/1  “  4  I ) 

Because 

..  )(3jc>^i  +  3:>-4a:i..) 

4(^*+i“'^*.i) 


(7) 


mi  -  m2  and  f"k-i  have  the  same  sign;  i.e.  , 


(mi-mj)/!;_,>0  (8) 

It  is  obvious  that  when  mi  —  m2  and  f”k— 1  satisfy  equation  (7)  the  integral 

[5"(^)]  OX  kas  a  minimum.  As  we  know  that  a  spline  function  only  has 

to  satisfy  equation  (4),  i.e.,  to  take  the  minimum  of  the  integral  over  the 
range  from  xo  to  x^.  It  is  not  possible  to  minimize  the  integral 

[s’'{x)y  dx  in  each  segment.  The  cubic  spline  function  thus 

1  • 

constructed  is  only  an  approximation  which  cannot  possibly  take  the  minimum 

C**+i 

of  in  each  segment.  In  reality,  we  can  meet  this  condition 

J  Xfi^i 

in  the  first  segment  by  specifying  the  initial  second  derivative  f"o*  It  will 
not  be  possible  in  the  second  segment  because  the  initial  second  order  deriva¬ 
tive  in  the  second  segment  is  derived  from  the  first  segment  which  is  already 
determined.  The  value  of  mi  —  m2  in  the  second . segment  is  determined  by  the 
Interpolating  function  which  is  also  known.  Obviously,  equation  (7)  cannot  be 
satisfied.  The  same  applies  to  the  rest  of  the  segments.  The  author,  through 
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extensive  research,  found  that  the  cubic  spline  function  thus  constructed  is 
satisfactory  in  accuracy  and  totally  applicable  so  long  as  the  initial  value 
is  reasonable  and  equation  (8)  is  not  violated  in  each  segment.  Providing  a 
reasonable  initial  value,  to  a  large  extent,  depends  on  individual  experience. 
If  no  experience  can  be  relied  upon,  then  equation  (7)  can  be  used  to  find  it. 
If  the  precise  initial  second  order  derivative  is  known,  it  is  a  very  good 
initial  condition.  The  process  can  thus  be  summarized  as  follows: 

1.  In  the  first  segment,  if  the  precise  initial  second  order  derivative  is 
available,  it  will  be  used  as  the  initial  second  order  derivative.  If  it  is 
not  known,  then  we  can  determine  it  by  using  equation  (7).  That  means 

. . 

•'*  (Xj— Xi)(3«j+a:i  — 45:0) 

is  used  as  the  initial  condition.  Or,  a  suitable  f'o'  is  chosen  by  experience. 

2.  From  the  second  segment  on,  if  the  second  order  derivative  of  the  last 

node  in  the  preceding  segment  has  the  same  sign  as  the  mi  -  m2  in  the  next 
neighboring  segment  (i.e.  ,  equation  (8)  is  satisfied),  then  we  may  continue 
segment  by  segment  by  using  the  method  introduced  in  this  paper .  On  the 
contrary,  if  equation  (8)  is  not  satisfied,  then  a  new  initial  second  order 
derivative  value  must  be  given  from  this  segment  to  proceed  with  the  deriva¬ 
tion.  For  example,  if  the  f"k+i  in  the  segment  from  Xjj._i  to  k^+j^  is  positive 
and  the  value  of  mi  -  mj  in  the  following  segment  (i.e.,  to  Xk+3)  is 

negative  (i.e.  is  negative,  then 

must  be  redefined  according  to  the  method  described  before  to  make  it 
satisfy  equation  (7),  i.e. 

4(ff»i— m;)(X),^.3— _ 

where  ^i“(/*+3~“/»+i)/('^<i+3"“^»+i)»  ?^2“(/»+3~'/*+ii)/(-*a+3““^ji+i)  .  Then  the  seg¬ 

ment  by  segment  iteration  process  continues.  Obviously,  the  second  order 
derivative  is  discontinuous  at  this  node.  If  the  same  situation  is  encoun¬ 
tered  later,  we  will  treat  it  accordingly. 
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Table  1.  Comparison  of  the  Cubic  Spline  Function  Derived  by  Segments  to 
sinlOx 


fk 

/ 

/' 

i 

/ 

■y. 

\ 

\ 

Accurate 

Calculated’  Accurate  Galculated’Accurate 

Calculat  i 

0.000000 

0.000000 

0.000000 

0.000000  : 

10.000000  : 

10.060077  j 

,  ; 

0.008T2T 

0.087166  ; 

0.087154 

0.01T453 

0.173648 

-17.. 364818 

-17.320810  -1 

9.843078 

9.848540 

i 

0.026180 

0.258819  : 

0.2.58823 

0.034907 

0.342020 

-34.202014 

-34.641619 

9.396926 

9.395082 

0.043633 

0.422618  ; 

0.422619 

0.052360 

0.500000 

-50.000000 

-49.873218 

8.660254  ^ 

8.660660 

0.061087 

. 

i 

0.573576  ; 

0.573582 

0.069813 

0.642788 

-64.278761 

-65.104818 

7.880444  ; 

7.667288  ; 

0.078540 

1 

0.707107  ; 

0.707110 

0.08T266 

0.766044 

-76.604444 

-76.410178 

6.427876 

6.428178  ; 

■ 

0.095993 

0.819152  1 

0.819160 

0.104720 

0.866025 

-86.602540 

-87.715639 

5.000000 

4.995911  1 

t 

0.113446 

0.906308  j 

0.906314 

0.122173 

0.939693 

-93.969262 

-93.730988 

3.420201  1 

3.420365 

0.130900 

! 

0.965926 

0.966934 

0.139626 

0.984808 

-98.480775 

-99.746437 

1.736482  ; 

1.731966 

0.148353 

0.996196 

0.996148 

0.157080 

’  1.000000 

i- 100.000000 

:  -99.179116 

0.000000 

-0.001665 

0.165806 

0.996196 

0.996126 

0.174633 

0.984808 

-98.480775 

'  -98.811796  • 

-1.736482  1 

-1.727706 

0.183260 

0.965926 

0.965912 

0.191980' 

0.939893 

-93.969262 

-93.730988 

-3.420201 

-3.417061 

0.200713 

■  ■ 

. 

0.906308 

0.906335 

0.209440 

:  0.863025 

;  -86.602540 

•  -88.8.50181 

-5.000000 

-5.010383 

0.218166 

0.819152 

0.819181 

0.226093 

'  0.766044 

-76.604444 

-76.410178 

-6.427876 

-6.431478 

0.235619 

1 

' 

; 

0.707107 

0.70708? 

0.244346 

i  0.642788 

-64.278761 

-63.970176 

:  -7.880444 

-7.666528 

0.253073 

1 

' 

0.673676 

0.573561 

0.261799 

0.500000 

-50.000000 

,  -49.873218 

;  -8.660254 

-8.657360 

0.270526 

• 

1 

0.422618 

0.422641 

0.279262 

:  0.342020 

:  -34.202014 

-36.776280 

!  -9.396926 

-9.404793 

0.287979 

1 

1  « 

i 

1 

0.258819 

0.258845 

0.296706 

0.173648 

^  -17.364818 

i  -17.320810 

1  -9.848078 

-9.861840 

0.305433 

i 

1 

i 

0.087156 

0.087132 

0.314159 

0.000000 

0.000000 

!  1.134641 

!  -10.000000 

-9.993091 

! 
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As  an  example*  the  author  calculated  sinlOx  and  the  results  are  shown  in  Table 
1.  Between  0  to  tt/IO,  sinlOx  is  .  a  half  wave  which  is  divided  into  18  equal 
segments.  The  known  functional  values  fo,  fi,  fis  at  points  of  inter¬ 

polation  are  shown  in  the  second  column  in  the  table.  Because  we  did  not 
encounter  the  situation  that  the  second  order  derivative  at  the  last  node  in 
the  preceding  segment  and  the  mi  -  m2  in  the  next  segment  are  opposite  in  sign, 
therefore,  the  second  order  derivative  does  not  have  any  discontinuities.  The 
first  f"  value  in  the  table  is  given.  The  rest  of  them  are  calculated  which 
are  very  close. to  the  actual  values.  (The  initial  value  is  accurate,  i.e., 
f"o=  0.)  The  values  of  f  are  also  calculated  by  using  this  method.  (At  each 
point  of  division  the  valu#  of  f V  on  the  left  is  slightly  different  from  that 
on  the  right.  The  difference,  however,  is  very  small.  They  are  all  very 
close  to  the  actual  values.  The  values  on  the  left  are  tabulated  in  the 
table.)  The  column  f  shows  the  interpolated. yalues  between  two  nodes.  We  can 
see  that  it  is  fairly  accurate. 

It  is  easy  to  realize  that  this  method  is  more  suited  for  the  interpolation 
of  slowly  varying  functions..  .  Its  error  may  be  relatively  large  for  rapidly 
varying  functions  (especially  when  the  second  order  derivative  changes  direc¬ 
tions)  because  it  will  frequently  encounter  the  situation  in  which  the  second 
order  derivative  of  the  preceding  segment  and  the  mi  -  m2  in  ,the  next  segment 
have  opposite  signs.  Consequently,  we  will  have  to  reassign  a  new  initial 
second  order  derivative,  leading  to  more  second  order  derivative  discontinui¬ 
ties.  The  entire  curve  is  no  longer  as  smooth.  An  initial  second  order 
derivative  may  be  assigned  to  each  segment  based  on  equation  (7).  In  this 
case  the  first  and  second  order  derivatives  are  not  continuous  at  the  nodes 
and  the  cubic  spline  function  is  sectional. 
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chang  [6929  0251  7022],  manuscript  received  on  27  December  1984:  "A  Computa¬ 
tional  Model  of  Boundary  Integral  Equation  in  Solid  Mechanics"] 

[Text]  Abstract:  This  paper  contains  two  aspects:  1)  establishing  a  compu¬ 
tational  model  for  boundary  integral  equations  in  solid  mechanics  and  2)  using 
this  model  to  calculate  two  solid  mechanics  problems . 

1.  Introduction 

Boundary  integral  equation  is  an  important  technique  in  modern  numerical 
methods.  Because  of  its  obvious  accomplishments  in  complicated  engineering 
problems,^"®  this  method  has  received  wide  attention  in  the  world.  Relatively, 
this  numerical  method  is  not  extensively  studied  in  China.  We  hope  that  this 
paper  will  promote  the  use  of  boundary  integral  method  in  engineering 
practices . 

Rizzo®  and  Cruse^°  first  discretized  partial  differential  equations  into  boun¬ 
dary  Integral  equations .  The  initial  equations  they  set  up ,  however ,  are  very 
rough.  The  accuracy  of  this  method  was  later  improved  by  Cruse^^  and  other 
scholars. Recently,  some  scholars^® combined  boundary  Integral  equation 
method  with  finite  element  technique  to  solve  some  complicated  engineering 
problems . 

In  this  paper  we  use  the  significance  of  the  6  function  structure  in  the  basic 
solution  of  the  Dlrichlet  or  Neumann  problems  to  obtain  a  singular  integral 
equation  through  Green  equation.  Based  on  that,  this  basic  solution  satisfies 
the  Liepshi  a  exponent  (0<a<l)  condition  on  the  boundary,  this  singular  inte¬ 
gral  equation  is  expanded  to  the  practical. stage.  In  this  paper  the  boundary 
integral  of  a  blharmonlc  equation  and  a  Navier  equilibrium  equation  is 
presented.  In  addition,  the  stress  expression  in  this  computation  model  is 
also  derived.  Finally,  this  model  is  used  to  calculate  two  solid  mechanics 
problems . 
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2.  Computation  Model 

Let  us  choose  the  following  constant  coefficient  order  differential 
equations: 

£]aaa‘'«=0  (2.1) 

If  P(8)E  =  6,  we  call  E  the  basic  solution  of  the  differential  equation 
P(8)u  =  0  where  6  is  a  Dirac  function.  If  E  is  the  basic  solution  of 
P(8)u  =  0 ,  then 

P(5)a«»/,  u=:E*f  (2.2) 

E*f  ^^[y{x-u)f(y)dy 

Let  us  assume  that  there  is  a  two-dimensional  body  A  and  we  are  looking  for 
the  function  cj)  which  satisfies  the  Laplace  equation. 


VV=0 


9^' 

drt 


(2.3) 

(2.4) 


where  n  is  the  normal  vector  at  any  point  c  on  the  boundary,  f  and  g  are  boun¬ 
dary  functions,  f  or  g  may  also  be  an  unknown.  This  is  a  Dirichlet  or  Neumann 
problem  such  as  in  elastic  torsion  and  ideal  flow. 


The  (S  function  basic  solution  (2.3)  is  used.  According  to  Figure  1 

oo  x=aO 

limP.(x)^d(x)  =  I 

-0  JfiipO 

If  f(x)  is  continuous  at  x  =  0,  then 


^_J(x)d(x)dx=if(Q) 

If  6(x)  is  moved  from  the  origin  to  Xq  and  f(x)  is  continuous  at  x  =  Xo,  then 


\_J(X-X,)f(x)dX==::f(X,) 


Now,  let  us  solve  the  special  solution  w  of  the  following  equation 
V*^=(3(af-x,,  y-yo) 


(2.5) 


(2.6) 


in  spite  of  the  fact  that  (p  is  the  basic  solution  of  (2.3).  Let  us  use  a 

polar  coordinate  using  Mo  as  the  origin.  A  circle  Dg  is  defined  by  using  a 

small  quantity  e  as  the  radius  and  c^  as  the  boundary.  When  r  >  0  (r  is  the 

distance  between  Mg  and  M  in  the  region  D) ,  (p  should  satisfy  the  following 

equations  in  the  symmetric  case. 
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P.  ( X  ) 


gjaiCi+Cj  Inr 

If  Green's  first  equation  is  applied  in  Dg ,  then 


C2  =  -  choose  Cl  =  Oj  we  get  V  =  " 
where  A  =  . 

(p  =  -Inr  (2.7) 

is  the  basic  solution  of  (2.3). 

If  the  basic  solution  (2.7)  is  plugged  into  the  second  Green  formula  (2.8) 

(“  1  (2.8) 

Because  Mq  is  a  discontinuity  point,  therefore,  equation  (2.8)  is  applied  in 
the  region  D-Dg.  Let  us  choose  V  as  the  basic  solution,  l.e.  V  =  Inr, 
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where  Cg  is  the  boundary  of  Dg . 

f  ti-^f^\ar)ds—2n‘U* 

Jc, 

where  u*  is  the  median  value  of  u(M)  on  Cg. 

Cg 

where  (3u/9n)*  is  the  median  value  of  the  normal  derivative  9u(M)/3n  on  Cg. 

By  substituting  equations  (2.10)  and  (2.11)  into  (2.9),  when  £-^0,  we  get  the 
following  by  taking  the  limits  on  both  sides . 


(2.9) 


(2.10) 


(2.11) 


2mm,  )  =  111''  -  In'- 


(2.12) 


If  u  =  (f)  is  a  harmonic  function,  we  will  get  a  two-dimensional  boundary  inte¬ 
gral  equation. 


(2.13) 


Thus,  a  Dirichlet  or  Neumann  problem  can  be  converted  into  a  boundary  integral 
equation.  (2.13).  If  the  function  (()  on  the  boundary  c,  (i)(M),  and  its  normal 
derivative  9(|)(M)/9n  are  known,  then  the  unknown  function  (f)(Mo)  at  any  point  : 
Mo  in  D  can  be  determined  by  equation  (2.13). 


The  linear  elastic  biharmonic  equation  is 


VV  =  0  (2.14) 

Equation  (2.14)  is  one  of  the  basic  equations  in  solid  mechanics.  0)  is  a 
function  of  stress.  The  basic  solution  of  equation  (2.14)  is  r  Inr . 

Let  y*(ps=y^^=0  (2.15) 

then  i-VV=vVlnr  (j.ie, 


In  analogy  to  the  above  derivation,  equation  (2.16)  is  plugged  into  the 
second  Green  function. 


II 


D-D, 


[uA-  (ArHnr)  — A(r‘‘lnr)Ati]cia 


(2.17) 


62 


When  £->0,  equation  (2.17)  becomes 


-(4lnr-|-4)rd^as— -Sjtk*  . 


I  Ar^lnr —  J  (4liir +  4) -^r ' 
I  ^  [mA( Ar^lnr)  —  A(r‘‘lnr) Am] da->0 


(2.18) 


Let  u  ==  (p,  then 


A(^(r*liir)  —  (Ar^nr) '(^Idcr 


(2.19) 


By  substituting  equations  (2.18)  and  (2.19)  into  (2.17) »  we  obtain  a  series  of 
boundary  integral  equations  corresponding  to  the  biharmonlc  equation  (2.14): 


i<p{M)  -|j-A(rnnr)-A(rnnr)  - 
+  ^5(M)  -|j-(rnnr)  -  (rHor) 

«i(MJ  -  “9^  • 


(2.20) 


In  analogy,  we  can  also  derive  the  boundary  integral  equation  for  a  three- 
dimensional  Laplace  equation. 


(2.21) 


where  E  is  the  boundary  of. a  three-dimensional  body  B;  and  the  boundary 
integral  equation  for  a  Navier  equation 


M<(iW,)  =  j JLTuPKM)  ^TiMM)  ]ds„.  ■( i , ;•  =»  1 , 2) 


(2.22) 


If  the  force  Pj (M)  and  displacement  u^ (M)  on  the  boundary  c  are  known,  then 
the  displacement  u.s(Mo)  at  any  point  in  the  body  can  be  obtained  based  on 
equation  (2.22).  In  equation  (2.22),  and  are  second  order  tensors. 

C/(i=aCi((3oCjlar  — r,,  r.j) 

T ij  +  2r,  (  r  ,j)  +  C^  {r ,  jtii  —  r ,inj) 

where 


irtG{l—y.) 


",  Cj^3"“4a^, 


4jr(i— d) 


",  C*a»l-2(U 
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u  is  the  Poison  ratio  and  G  is  the  shear  modulus.  The  comma  in  the  subscript 
represents  the  partial  derivative  with  respect  to  the  coordinate,  n  is  the 
unit  vector  normal  to  the  body  boundary. 

The  boundary  conditions  (f)  and  9(})/3n  or  the  force  and  displacement  on  the  boun¬ 
dary  are  known  at  various  times.  The  following  complex  variable  theory  is 
used; 


Let  us  assume  that  c  is  a  smooth  enclosed  curve  and  ( j )  is  on  c.  Furthermore, 
it  obeys  the  Liepshi  condition  with  an  exponent  a,  O^^l.  When  a  point  z 
approaches  a  point  t  from  inside  c ,  the  Cruse  integral 


F{z) 


,  1  f  <pU) 
,0  y  *“ 


■di 


approaches  the  following  limit: 


(2.23) 


1  f  <pU) 

j  —  t 


dj 


(2.24) 


The  basic  solution  in  this  paper  satisfies  the  Liepshi  condition.  Hence,  when 
Mo  P  (M  is  a  point  inside  the  region  and  P  is  a  boundary  point),  based  on 
equation  (2.24),  equations  (2.13),  (2.20),  (2.21),  and  (2.22)  become 


—  Inrpu-’lnrm 

<;^(-P)=  Inrpu - -Inreu^dsu 


2n  JJxL  rpM 


dsi 


Ut{P)=:2j^^lUtjPj(M)--TtjUi(M)]d5u  («,y  =  l,2) 


(2.25) 


(2.26) 


(2.27) 

(2.28) 


where  rp^  is  the  distance  between  M  and  the  point  P  on  the  boundary  c. 
Equations  (2.25)  -  (2.28)  can  be  used  to  solve  all  boundary  conditions.  By 
substituting  these  boundary  conditions  into  equations  (2.13),  (2.20),  (2.21), 
and  (2.22)  we  can  solve  the  unknown  stress  or  displacement  at  any  point  Mq  in 
the  body. 
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3.  Numerical  Solution 


The  integral  equations  in  this  paper  are  generally  singular.  The  program  to 
compute  their  numerical  solutions  is  as  follows; 

(1)  The  boundary  is  divided  into  unequal  discrete  regions  to  simulate  boun¬ 
dary  conditions  such  as  force  and  displacement  as  well  as  the  boundary  Itself 
by  section. 

(2)  Singularity  equations  are  converted  into  algebraic  equations  by  section. 

(3)  The  unknowns  are  solved  from  the  algebraic  equations. 

Let  us  list  the  algebraic  equations  for  the  boundary  integral  equation  (2.26) 
of  the  blharmonlc  equation. 


Figure  2.  Boundary  Division 


The  boundary  is  divided  into  n  unequal  sections  as  shown  in  Figure  2.  The 
number  on  the  direction  label  Increases  with  c.  The  center  of  each  region, 
M,  is  a  nodal  point.  Let  us  assume  that  4>(x,y)  and  9(J)(x,y)/9n  are  constant 
in  each  region.  In  addition,  they  are  equal  to  their  nodal  point  values 
(j)(M)  and  9(j)(M)/9n.  Through  such  boundary  simulations,  it  is  possible  to  use 
the  2n  equations  (3.1)  with  unknowns  <|)(M)  and  9(()(M)/9n  to  replace  equation 
(2.26). 

iK<p{P)  =  — 'fepii(p{M)—fpu 

where  P=l,  2,  •••,n.  In  matrix  form 

/[ap^_/;r]-[6p^]  WC0(M)]\  /  [0]  C0]W[<p(M)]\ 
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where  I  is  a  unit  matrix.  The  coefficients  are 

dpji—f  — J bpM—\  iarpudsu 
Jm  aft  JM 

cpM=|  rpM^urpMclsu,.  ^  rpninrpMdsu 

0.j,=sf  -4~y^riiilarpatdsst,  /?j<=  |  V^r^M^arpudsM 
Jji  on  JM  , 

Hence,  the  problem  is  simplified  to  solving  the  following  matrix  equation. 


(3.3) 


b{x}  =  {r} 


(3.4) 


where  B  is  a  2n  x  2n  matrix,  {x}  and  {R}  are  2n  x  1  matrices.  The  unknown 
(|)(M)  or  9(f)(M)/3n  on  the  boundary  c  can  be  determined  based  on  equation  (3.4). 
By  substituting  it  into  the  first  equation  of  (2.20)  we  can  get  q)(Mo).  Based 
on  (p(Mo)  we  will  be  able  to  get  the  stress  at  any  point  Mq  in  the  body. 

AmoM  <P(^)'~‘ ^ Of ^ 

inOfiMa)  =  E!” 

8ffT,,(Mo,)  =*  EF -UoM<pU^)+d mom<p(M) 

'  J£-  I 


(3.5) 


where  the  coefficients  are 

■^MoM 


•MoM 


9* 

9y" 

9" 

dsA 


(Smqm))  BmvM^  -^Um,m) 


92 

Cm<>M  ™  ^,^2  (<?JfOif)>  DmdM^  Qyi  (.djign) 


(^Mom)}  B  M9M  —  ~^^{f  mom) 


9*  9* 

GmoU™  -g^  (cjfoJj)*  H Mom  — -^^(d mom) 


I  MoM  — 


dx^ 

9^ 

dxdy 


iOMoM)f 


Kmom=  Qy.Qy  (^MoM)f  LmoM— 


dxdy 
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4.  Applications 

Let  us  give  some  examples  of  the  applications  of  this  method.  The  first 
example  is  a  plate  with  a  crack  (see  Figure  3) .  Figure  4  shows  its  boundary 
division  in  which  the  external  force  is  P  =  2.  All  units  are  rendered  dimen¬ 
sionless.  Boundary  Integral  equations  (2.20),  (2.26),  and  (3.2)  were  used  to 
write  a  computer  program  to  calculate  the  type  I  stress  strength  factor  Kj  in 
linear  elastic  fracture  mechanics.  The  result  is 

Ki  =  4.95 

The  published  result  is  K  =  5.01^^  (which  has  an  0.5  percent  error).  It 
shows  that  the  boundary  integral  method  is  very  accurate  in  calculating  K^. 


where  G  is  the  shear  modulus  and  k  is  a  constant. 

vV=o  (P^5) 


(4.2) 


67 


2 

Let  <p  =  -  r~  (pi  then  equation  (4.2)  becomes; 

.VV=0  region  B 

+  on  boundary  B. 

Let  us  assume  that  a  rectangular  bar  with  a  cross-section  of  20  x  32  cm^  is 
under  a  torque  Mm,  as  shown  in  Figure  5.  The  boundary  integral  equations 
(2.13)  and  (2.25)  are  used  to  solve  the  problem.  A  coordinate  system  is  set 
up  using  the  center  of  the  rectangular  cross-section  as  the  origin.  The 
boundary  is  divided  into  eight  regions. 


Figure  5.  Boundary  Division  of  a  Twisted  Bar 

According  to  symmetry,  there  are  only  two  boundary  unknowns,  9(J>i/9n  and 
3(})2/3n.  The  coefficients  determined  by  this  method  are: 


a„  =  0 

Oii=  1 . 268 

00 

0 

n 

0 

^  6 . 310 

015=0.283 

015=0.314 

Oi7=0 . 818 

•  Oi5  =  0 

0;,  =  0,896 

o„  =  0 

fll3  =  0 

014=0.395 

0;5=  0 , 300 

Ojg  =  0.495 

Oi7= 0.761 

Oig  =  0 , 294 

611=6.094 

611=35.449 

6i3  =  50.918 

614  =  34. 698 

6ib=35..154 

6ia  =  53.399 

617=45. 677 

613  =  22. 546 

6u“22.677 

61,  =  17. 264 

6;, =43. 592 

6i4,=»32.056 

6„=33,453 

6i,  =  51.957 

6i7=48.328 

6i8  =  28.255 

On  the  boundary, 

^  ^  ^  30;  _  9^3  ^  _  d(i>f 

dn  ^  dn  **  9n  9n  ’  dn  dn  ^  drt  ^  dn 

Equation  (2.25)  in  this  paper  is  the  first  equation  of  (3.1). 

98.492-^+  186.343  -^“-298.283,  116.440-^+161.41—^  =  220.448 
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We  get  the  following  so  v^ioi; 


-Mi.= 

9n 


15.228, 


-=-9.390 


(s  ,4} 


nnto  (2  13),  we  get  the  following  discrete 
By  substituting  equation  (4.4)  into  u.ioi.  ^  b 

equation! 

,  f  M  •!  r'  V  V  The  results  of  the  boundary  integral 

where  the  coordinates  of  le  x,y.  ine  resuii 

method  are  obtained  based  on  equation  (4.1). 

At  0  (0,0):  rir  =  0.  r„*  =  0 

At  B  (O.-IO);  ('■•>)"-«=U.237Gli,  r,,-0 

The  results  obtained  based  on  the  theory  of  eUstlolty  by  Timoshenko^  ate, 

At  0  (0>0)t  Tsx  — Ty*  — 0 

,  (T«)ai.*  =  lT.38(?fe,  (rvz)=0 

At  B  (0,-10): 

b.  1  a  aeries  method  to  obtain  this  approximate  solution.  It 

SSS  ovS  10  hours  to  calculate  by  hand.  The  computation  load  Is  very 
smlll  by  using  this  method.  Its  accuracy  is  easy  to  contr  . 

5.  Discussion 

The  core  integral  of  the  boundary^lntes^^^ 

rcr„Srusin^l-lbuted  ,ua„^ 

the  core  integral  is  an  te  piecewise  smooth  and  arbitrary 

putatlon  method  requires  that  the^boundary  be^piece^  ^ 

in  shape.  The  center  of  ^  .  ^an  be  used  to  construct  the  core  inte- 

r.l  '“Tl"S"y‘used  L  practice.  Boundary  integral  eguatio.  is 

i  modern  numerical  technique  to  be  further  explored. 
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[Text]  Abstract:  Passive  location  and  tracking  method 
using  multiple  measuring  stations  is  discussed  for  a  moving 
target  carrying  an  active  emitter.  Weighted  least  square 
estimation  for  target  location  and  Kalman  filtering  for 
tracking  and  prediction  are  used  in  such  a  passive  location 
system.  Simulation  results  show  that  it  is  an  efficient 
method  for  emitter  location.  The  location  accuracy  depends 
on  the  number,  measuring  accuracy  and  geometry  of  the  sta¬ 
tions  and  the  moving  emitter  trajectories. 

To  prevent  defense  penetration,  more  and  more  aircraft  and  flying  objects  are 
now  equipped  with  active  jamming  emitters.  Although  such  jamming  emitters 
defeat  the  normal  task  of  radars,  at  the  same  time  they  expose  themselves. 
Hence,  this  paper  explores  the  feasibility  of  location  and  tracking. 

I.  Principle  of  Location  and  Estimation  Method 


In  receiving  the  radio  jamming  signal  from  an  airborne  emitter,  radars  can 
normally  detect  the  direction  angle  (i.e.,  bearing  angle  3  and  angle  of  ele¬ 
vation  e) .  Assuming  that  the  space  position  of  the  target  emitter  and  the 
radar  are,  respectively: 

xt—c^t  y?- 

Xi—(Xi  D'j  "j)^ 


(1) 

(2) 


then  the  relationship  of  the  measured  bearing  angle  relative  to  target  posi 
tlon,  and  the  radar  station  are: 

tg  jS]  =  (JCr  T 

tgSi=  IV  Oj—yiy 
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As  shown  in  Figure  1,  in  order  to  determine  the  target's  three  coordinates 
Xx»  yx*  z-pj  it  can  be  seen  that  at  the  least  data  of  three  direction  angles 
(one  being  the  angle  of  elevation)  are  required.  Because  of  the  relatively 
large  error  of  angle  measuring  obtained  through  radars ,  it  is  generally 
desirable  to  obtain  more  data  so  that  a  higher  location  accuracy  can  be 
.  achieved . 


Figure  1.  Relationship  of  Direction  Angle  Relative 
to  Target  Position  and  Radar  Station 


1.  Weighted  least  square  estimation 

Let  us  assume  that  there  are  N  radars  surveying  a  target  emitter,  and  the 
target's  bearing  angle  3^^  and  elevation  angle  measured  by  the  i^^  radar 
are: 


„  ,  Xr  —  Xi 

=  »  e,  =  tg-' 


Zt  —  Zj 


(4) 


where  x^,  y^^,  are  the  three  coordinates  of  the  i*"^  radar.  Assuming  the 
rough  estimate  on  the  target  position  is 


Xo — C^o  P^O 

and  carrying  out  the  Taylor  series,  on  the  rough  estimate  xo  using  3i,  e^,  and 
eliminating  high  order  terms ,  we  obtain 


fPi=^ai+(>-xiSx  +  ayf5y-\-a.fds 

^Si=£^;-is-b^i8x  +  bi.{dy  +  b::iSz,  (  =  1,  2,  . ,  N  (5) 


where  3oi»  ^oi  are,  respectively,  the  rough  estimates  of  target  location 
corresponding  to  the  bearing  angle  and  the  elevation  angle  from  the  i^l^  radar, 
then 


in  which: 


dpi 

CO 

1 

(Xo-A-,)(X 

dx-i- 

Xr  =  Xn 

'  dx-j. 

1  Xi-  =  Xo 

0^ 

0 

1 

_  dpi 

_  ■Xn  X'  ,•  _ 

ds.-  1 

I 

dy-r 

Lr  =  Xo 

p  2  >  i 

‘X-h  Ot 

II 

Xr  =  Xo 

R/iOi  R^Oi 

_  dPi 

|xr  =  Xo 

=  0,  b^ 

de,- 

R/iOi 

dZ-j- 

'■  dz-j.  i 

Xr  =  Xo 

R,\ 

Rhoi  =V Roi  =V 


(6) 

(7) 
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and  6x,  6y,  6z  are,  respectively,  the  deviation  between  target  location  and 
the  corresponding  rough  estimate  in  the  three  coordinates .  Now  written  in 
short  form  as 

=  5y  6'z]'^  =  xt-Xo 


Where 


-a,j 

^X2  ■■■ 

^XN  8x1 

8zi  ••• 

H„,= 

••• 

8yl 

8y2  *■' 

-0-zl 

fl.-z  — 

^xN  8  Zl 

8  z2 

2«/  = 

=  lAPi  APi  • 

••  APn  4Si  de 

e  =  C5;3i  8 Pi  •••  8Pn  SSi  ••• 


APi=Pmi—Poi>  -de,'  =£«,•  — Co.>  SPi—Pmi—Pn  8£i—£mi  £(■ 


and  3jni,  Emi  are,  respectively,  the  bearing  angle  and  the  measured  angle  of 
elevation  of  the  i^^  radar.  Substituting  equations  (8)  and  (9)  into  equation 
(5 ) ,  we  have : 

Zu,  =  H,i,Sx  +  e  (10) 

Assuming  that  the  measured  error  e  is  the  zero  mean  value  normal  white  noise 
whose  covariance  matrix  being 

Riv  —  EZe  e’’’]  =  diag[a,^/  •••  (11) 

and  based  on  estimation  theory,  the  weighted  least  square  estimation  of  6x 
being 

5x  =  (12) 

and  the  estimated  target  location  is 

z=Lxw  y„:  2,,/]'^  — xo+ox 


2.  Covariance  of  location  estimation  error 

Location  estimation  error  of  a  target  can  be  expressed  as 

n  =  Xr  —  z  —  8x  —  dx  =  Sx  (1^) 

hence  the  covariance  of  location  estimation  error  of  a  target  is 

/?  =  £[/?  n’']  =  £f5x~6x^]  =  (HJ./?.;W„)-‘  (15) 

It  can  be  seen  that  the  location  accuracy  for  target  emitter  depends  not  only 
on  various  radar  station's  measuring  accuracy,  but  also  on  the  target's  loca¬ 
tion  relative  to  the  location  of  various  radar  stations  as  well  (Figure  2) . 
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<a)  (b) 

Figure  2.  Error  Distribution  of  Weighted  Least  Square  Estimation 
o  Denotes  radar  station. 

Standard  deviation  of  location  measuring  error  is  0.01  rad 


The  lines  in  the  isogram  represent  the  maximum  values  of  standard  deviation  of 
location  estimation  error. 

3.  Rough  estimation  of  target  location 

The  target's  approximate  location  must  be  known  in  advance  before  the  weighted 
least  square  estimation  can  be  performed  on  emitter  location.  The  initial 
rough  estimate  of  the  target  location  Could  come  from  airborne  intelligence, 
or  the  target  location  measured  by  radar  prior  to  jamming,  as  well  as  from 
the  calculation  using  data  from  the  direction  angle  measurement.;  Using  the 
technique  introduced  in  Reference  5,  the  following  computation  equations  can 
be  derived  based  on  the  theory  of  least  squares: 


where : 


and 


r  Xo=Z(MN-U^)Q+(UV-Nr)R  +  (TU-MV)S3/D 
I  y,  =  Z(UV-NT)Q  +  (LN-V^)R  +  (TV-LU)Sn/D 
i  zo=L(tu-vm:)Q+(tv-lu)r+(.lm-t^)S2/d 
D-^LMN  +  2TUV-T^N-VHi-V^L 

r  i  >•  =  1  1 

M  +n]') ,  =  +u, =  +s,.u,.) 

»  =  1  r  *•-  1  »  ^  1 

+<'?)»  V=S(/,n,+<,'h).  ‘S'  =  S(r,V,- +s,i',) 

*  =  1  r  1  .  r  =  1 

-sin^,-,  n,=0, 

V  ,•  =  cos  Si,  ti  =  —  sin  Pi  sin  £  ,■ , 

S;  +u,-3' ,•+[), -z,-,  i  =  l>  2”',  N 


li  =  cos0i,  vii  = 

Ui  =  —  cos  Pi  sin  £,-, 

r.  =  / .X,. 


(16) 


(17) 


(18) 
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II.  Tracking  and  Prediction 

In  order  to  realize  tracking  and  predicting  a  target,  further  data  processing 
can  be  performed  on  weighted  least  square  estimation  using  Kalman  filtering. 
In  doing  so,  not  only  can  the  location  accuracy  be  increased,  but  the  pre¬ 
dicted  value  can  be  provided  as  the  location  rough  estimation  required  in 
subsequent  weighted  least  square  estimation,  thus  decreasing  the  error  in 
linearization.  Figure  3  is  the  block  diagram  of  this  system 


Measured  data 
for  direction 
angle 


estimation 


Figure  3.  Passive  Location  System  Block  Diagram 


1.  Kalman  filtering  equation 


Assuming  the  dynamic  model  for  a  target  is 

X(/c+l)=0X’(/c)+w(^)  (19) 


where  the  target  state  X(k)  and  state  transferred  matrix  ())  are,  respectively 


Xik)  =  LxiK)  x'Ck)  a:"(/c) 

yiV  y'W  y"(.K) 


(20) 


and 
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(21) 
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where  p  =  e“T/'^c  is  the  correlation  coefficient  of  target's  accelerated 
perturbation;  T  is  the  data  collection  cycle,  Tc  is  the  correlation  time  of 
target's  accelerated  perturbation. 


Perturbation  vector  w(k)  is  assumed  as 

w(k)=L0  0  U)r"(k)  0  0  U)y..(k')  0  0  (22) 

This  perburbation  vector  has  zero  average  value,  and  its  covariance  matrix 

Q(^)  =  £[w(/c)w’''(/c)]  =  diagCO  0  al,  0  0  0  0  al-l  (23) 


where  a^^ir,  Gyii,  are,  respectively,  the  standard  deviation  of  the  target's 
accelerated  perturbation  along  the  x,  y,  z  coordinates. 

Due  to  the  fact  that  the  input  data  of  Kalman  filtering  is  the  weighted  least 
square  estimate  of  the  target  location,  the  measured  model  can  be  obtained  as 

z(K)=HX(h)+n(k)  (24) 

Let  n(h)  be  a  mutually  exclusive  random  process,  see  equation  (15)  for  its 
covariance,  and  has  a  measuring  coefficient  matrix 


H  = 


plOOOOOOOO-j 
000100000 
-00  0  000100-^ 


(25) 


The  following  is  the  equation  set  of  Kalman  filtering: 


Predicted  estimation 
Predicted  estimation 
Predicted  estimation 
Optimal  gain  matrix 
Filtering  estimate 


eqn  X(/£+1A)  =  0X(^)  ' 

P  (/£  +  1  A)  =  OP  A)  +  Q ( 'C) 

eqn  ir  </c  +  1)  =X A  + 1  A)  + /^ (^  +  1 ) CZ  A  +  1) -HX(/C  +  1  A) ] 
/CA+i)  =  P(/c+iA)//^CHP(^+iA)//'"+PA+l)]"‘ 

pa+i)=c/-ka+i)H]pa+iA)i:/-/c(^+i)W 
+/CA+i)PA  +  i)/(^(^;  +  i) 


(26) 


2.  Initial  and  end  values  in  Kalman  filtering 

/V 

The  initial  estimation  X(0)  of  target  state  can  be  obtained  from  the  difference 
of  two  consecutive  weighted  least  square  estimations  as  follows: 
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(27) 


^A'(O)  ' 

a'  (0) 

CA^„(0)-AV(-l)]/7' 
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3KO) 

y„,(0) 

3'  (0) 

= 

C.v«X0) 1)]/T 

3'"(0) 

0 

2(0) 

z«>(0) 

2'(0) 

CS.(0)-g.(-i)3/r 

U'-'CO), 

0  ; 

Assuming  that  the  weighted  least  square  estimation  is  a  white  random  series. 
According  to  the  computation  equation  for  initial  estimation  X(0) ,  the  initial 
estimation  error  covariance  matrix  P(0)  can  be  expressed  in  matrix  direct 
accumulation  format  as^: 

P(0)=Co®/?C0)+C-,(8)/?(-l)  +  Q(O) 


where  R(-l) ,  li(0)  are  the  ertor  covariance  of  the  first  two  weighted  least 
square  estimations, 


r  1 

p-l 

0  1 

-  0 

0 

0  -] 
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,  C-,= 
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p-2 
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0 

(29) 


IV.  [sic]  Simulation  Computation  and  the  Results 

Simulation  computation  is  performed  according  to  the  above  mentioned  estima¬ 
tion  technique  and  Kalman  filtering  equation.  The  conditions  in  this  simula¬ 
tion  computation  are: 

a.  Three  radar  stations  are  distributed  as  an  equilateral  triangle  with  a 
distance  of  40  km  apart. 

b.  Each  radar  station  simultaneously  measures  the  bearing  angle  and  the  angle 
of  elevation  of  the  target  relative  to  that  very  radar  station.  It  is  assumed 
that  each  azimuth  error  is  zero  mean  normal  white  noise,  and  whose  standard 
deviation  is  Cfm  for  all. 

c.  The  data  collection  cycle  in  measuring  direction  angle,  T  =  Is. 

d.  The  variance  in  the  target’s  accelerated  perturbation  are  all  assumed 
equal  in  the  dynamic  model  used  in  Kalman  filtering,  i.e. 
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e.  The  target  trajectories  fall  in  four  different  patterns — flying  straight, 
crabbing,  circling,  and  S-pattern  (see  Figure  4).  Considering  the  effect  of 
random  factors  such  as  atmospheric  current  on  the  flying  object,  we  incor¬ 
porated  a  random  accelerated  perturbation  in  simulating  target  flight.  Based 
on  Reference  2,  all  of  the  components  assumed  herein  perturbating  in  the  three 
direction  x,  y,  z  are  Markov  process,  id.th  a  correlation  time  of  Is,  and  obey 
the  zero  mean  normal  distribution  with  a  standard  deviation  of  0.1  (m/s^). 


Figure  4.  Object  Trajectory  Plan 

1.  Flying  straight  o  Radar  station 

2.  Crabbing 

3.  Circling 

4.  S  pattern 

A  portion  of  the  computer  simulation  results  are  listed  in  Table  1  where  both 
the  mean  and  standard  deviation  are  the  timing  statistical  average  values  of 
estimation  error  in  the y direction.  The  simulation  results  indicated  that 
weighted  least  square  has  facilitated  a  certain  level  of  accuracy  in  the  loca¬ 
tion  process.  In  situations  where  the  object  is  taking  a  nonmaneuvering  course 
(l.e.,  flying  straight,  crabbing),  Kalman  filtering  can  be  further  carried  out 
to  improve  the  location  accuracy,  as  illustrated  in  the  results  in  Figure  5. 

In  situations  where  the  object  is  taking  a  maneuvering  course  (such  as 
circling,  S-pattern),  the  effect  of  Kalman  filtering  is  not  apparent,  and 
therefore  procedures  have  to  be  taken  to  modify  the  model  accordingly. 


Table  1.  Statistical  Results  of  Estimation  Error 


rec^^  Simulation  condition 


Kalman  filtering  estimate 


-6.9300 

-6.0420 


-20.730 


-30.837 

-3.0930 


Figure  5.  Estimation  Error  and  Its  Standard  Deviation  Curve  (n=l) 


V.  Conclusion 

Passive  location  is  a  feasible  procedure  capable  of  combatting  a  moving  target 
carrying  an  active  emitter.  In  order  to  locate  such  target  more  efficiently, 
measurement  data  on  direction  angle  should  be  obtained  using  as  many  methods 
as  possible,  such  as  laser,  ultra  violet  light,  television  tracking  equipment, 
and  so  on.  Target  tracking  and  prediction  can  be  realized  when  the  target 
location  estimated  value  obtained  in  weighted  least  square  estimation  is  fed 
into  Kalman  filtering. 

In  the  case  of  multiple  emitters,  the  multiple  emitters  can  be  Identified  by 
employing  the  method  of  correlation,  using  the  predicted  data  provided  in 
Kalman  filtering  and  data  in  estimation  covariance. 
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[Text]  Abstract:  An  actual  example  of  applying  a  microcomputer  to  production 
management  is  introduced  in  this  paper.  The  method  to  solve  the  problem  and 
the  software  are  discussed.  The  economic  benefit  of  this  software  is  expand¬ 
ing  year  after  year. 

How  to  use  a  computer  to  optimize  the  management  of  a  production  process  is  an 
important  research  subject  in  production  management.  An  actual  example  is 
introduced  in  this  paper.  For  a  specific  production  process,  the  focal  point 
of  the  problem  is  that  not  only  do  we  need  an  appropriate  mathematical  model 
to  reflect  the  production  process,  but  also  more  importantly,  we  have  to 
design  high  performance  applications  software  based  on  this  model.  Then,  the 
optimal  production  plan  with  the  lowest  cost  and  highest  productivity  can  be 
chosen  by  the  computer. 

I.  Production  Process  and  Its  Mathematical  Model 

The  production  process  is  shown  in  Figure  1.  The  variables  of  this  industrial 
process  are:  1)  locations  of  loading  and  unloading;  2)  number  of  reaction 
towers  and  number  of  plates  in  each  tower;  and  3)  rate  of  loading  and  unload¬ 
ing  per  unit  time.  The  entire  system  can  be  optimized  by  choosing  these 
factors. 

The  entire  process  can  be  divided  into  three  stages  based  on  the  operating 
time:  1)  Start-up  stage.  During  which  the  material  has  not  yet  reached  the 
specified  concentration  at  the  outlet  so  that  there  is  only  power  consumption 
but  no  product;  2)  Steady-state  operation  stage.  The  longest  lasting  stage 
in  which  power  and  materials  are  consumed  and  product  is  produced;  and 
3)  Shut-down  stage.  Power  is  consumed,  raw  materials  are  not  added  and  prod¬ 
uct  is  still  being  produced.  The  mathematical  models  for  these  three  stages 
are  as  follows : 
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1.  Nonsteady-state  Equation  in  the  Start-up  Stage 


where 
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In  the  equations  above,  Qi»  Qa  ^o>  Qat  Qpj  No>  /o»  Sj,  Sj,  no>  »f>  «k>  >Sand  F ,  t,  Cp, 
Co »  Hy,  are  known  constants.  The  equation  is  solved  on  nC  [0,S].  The 
nodal  points  are  arranged  as  follows: 

0  “•  n\y  <  tip  <  ^  tig  ^  S 

The  characteristic  of  the  start-up  period  isF=0,T=0.  In  solving  the 
equation,  the  time  t  =  Tj  at  which  the  condition  C(n^,  t)  ^  Cy.  (constant)  is 
satisfied  is  the  first  equilibrium  time.  At  this  moment,  the  materials  are 
enriched.  The  residual  material  (i.e.  the  value  of  C(0,t)),  however,  has  not 
yet  equilibrated.  Then,  materials  are  fed  into  (F  0)  and  taken  out  of 
(t  H  0)  the  system.  By  the  time  T2 ,  the  residual  material  is  also  equili¬ 
brated.  This  is  the  second  equilibrium  time.  At  this  moment ,  the  solution 
of  the  start-up  period  is  over.  The  quantities  to  be  determined  in  this 
stage  are  Ti ,  T2 ,  C(ti,  /),  j‘  Fdt,  ^ tdt  ’  (footnote)  (The  definitions 

of  the  parameters  are  as  follows:  n  is  the  number  of  the  tower  plate  coordi¬ 
nate,  ny  is  the  initial  tower  plate  coordinate,  np  is  the  feeding  point  coor¬ 
dinate,  n^  is  the  fetching  point  coordinate,  ng  is  the  last  tower  plate  , 
coordinate,  C(n,t)  is  a  concentration  function,  Co  is  the  initial  concentra¬ 
tion  constant  of  the  system,  Cp  is  the  concentration  constant  of  the  feed, 

C^  is  the  concentration  constant  of  the  output,  F  is  the  rate  of  feeding, 

T  is  the  rate  of  production,  ei  is  separation  coefficient  1,  £2  is  separation 
coefficient  2,  b  is  the  percent  of  material  decomposition,  H(n)  is  the  amount 
of  materials  remaining  in  the  n*^^  tower,  Hy  is  the  amount  of  materials 
remaining  in  the  front  recirculation  area,  Hjr  is  the  amount  of  materials 
remaining  in  the  back  recirculation  area,  Ja(n)  is  the  flow  rate  of  the 
material,  Np(n)  is  the  tower-related  equivalent  concentration,  and  Na(n)  is 
the  tower  plate  related  equivalent  concentration.) 

2.  Equation  of  Steady-state  Operation  After  System  Is  in  Equilibrium 

dC  ^  6C(l  —  C)  f  (Cf  — C)d(«p  —  n)  —  v{Ck  —  C)0(wk  —  n') 
dn  l-hsC 

when  n  =  np,  C(np)  =  Cp.  When  n  =  nj^,  C(nj^)  = 

The  conservation  of  materials  is  F  =  T  +  W. 

The  conservation  of  concentrations  is  FCp  =  xCjr  +  WC(0).  (2) 

where  e,  0(x),  J^(n),  Cp,  and  Cj^  are  defined  as  before.  W  is  the  residual 
rate  and  C(0)  is  the  residual  concentration.  The  quantities  to  be  determined 
are  F,  T,  and  W  and  the  steady  state  curve  C(n). 

3.  Nonsteady-state  Equation  in  the  Shut-down  Period 

The  nonsteady-state  equation  in  this  case  is,  in  general,  similar  to  that  in 
the  shut-down  stage.  There  are,  however,  the  following  differences: 

1)  The  characteristic  of  the  operation  of  a  shut-down  system  is  F  =  0  and 
T  ^  0.  In  addition,  there  is  the  following  initial  condition  C(n,0)  =  C(n) 
(steady  state  solution) . 
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2)  The  value  of  T  is  altered  in  the  solution-finding  process  to  satisfy 
CCn^jt)  =  C^.  In  order  to  do  so,  it  takes  more  iteration  time.  The  follow¬ 
ing  equation  may  be  used  instead: 

r  — r±Ar,  1  C(«k»  0  “  CkI  <  »?. 

Here,  Ax  is  the  increment  of  x  and  r|  is  the  control  constant  of 

3)  When  the  residual  concentration  is  too  low,  i.e.,  C(0,T)  <  Cy  (control 

constant),  the  solution-finding  process  ends.  ° 

The  quantities  to  be  determined  are  identical  to  those  in  the  shut-down 
period,  however,  the  physical  meanings  at  time  T  are  different. 

II.  Essence  of  the  Problem 

The  selection  of  the  optimum  production  scheme  is  essentially  the  minimization 
of  the  target  function  m,  the  unit  cost  of  the  product.  The  constraints  are 
the  equations  described  in  the  above  mathematical  model.  Therefore,  it  is  a 
differential  constraint  problem  with  regular  and  partial  differential  equa¬ 
tions.  .  The  equation  to  calculate  m  is 

wj  —  ail  M . 

/-I 

where  a^  are  the  following  expenses:  consumption  of  raw  materials ,  wear  and 
tear  of  equipment  such  as  pumps ,  power  consumption  (water ,  electricity ,  and 
steam),  shop  expenses  (wages  and  capital),  and  management  costs  (transporta¬ 
tion,  maintenance  and  product  analysis).  The  first  three  items  may. become  a 
part  of  cost;  related  to  parameters  such  as  F  and  Jq.  The  product  value  M  is 
related  to  x.  These  can  be  manually  selected.  In  this  single  goal  nonlinear 
planning  problem,  there  are  more  than  40  varying  parameters.  It  will  take  too 
much  time  to  use  a  mathematical  planning  method  to  solve  it.  Hence,  the 
following  method  is  used.  Some  parameters  are  rationally  adjusted  within  the 
conditions  and  ranges  permitted  in  production.  Then  the  mathematical  model  is 
solved  to  determine  m.  An  optimum  production  scheme  is  chosen  with  a  small  m. 

III.  Mathematical  Treatment 

1.  Solving  the  Difference  Equation  of  Equation  (1) 

Equation  1  is  a  nonlinear  parabolic  equation.  Its  boundary  conditions  are 
very  complex.  The  Crank-Nicolson  estimation-correction  algorithm  is  used. 

Let  us  assume  that  the  spatial  step  in  the  n  direction  is  h  and  the  time 
step  in  the  t  direction  is  At.  Then 

C(^A,  ;A0  - 

The  difference  equation  to  solve  is 


83 


cACtfi 


J 


fl  —  0;  (A  +  B)Co.y+;  —  BCi.fH  —  _  B)Co,i  +  BCi 


hhik  — 

1,2, . S-  1): 

-a: 

+  +  7^^  +  £  +  F»)Cw+/ 

+  jT 

-  2lh 

f  -  c)\ 

L  \  1  +  sc  Jk* 

i'i+i-i 

-  o'** 

F’‘Ck.i 


} 


iCCi  -  c) 

1  +  eC 


n  ^  S:  —  Cs~i.i+i  ■h  (G  +  l)Ci,/+/ 
V  1  +  eC  Js~i,f+t—i 


Ics-,./  + 


GCs.i 

lG-l)Cs,i 


X 

it.-i<i+i~i  J 

}' 


1:3) 


The  upper  formula  in  the  bracket  in  the  above  equation  is  used  for  estimation 
and  the  lower  one  is  used  for  correction.  In  addition,  it  is  specified  that: 

,  fl/2  for  estimation  ,  ,  /  ,  ^  ^ 

'•1  for  correction, 

The  abbreviated  quantities  are  i  ,  -.o  v^,  ‘i  ■ 

'it.ff.2i}  used  in  the  equilibrium  equation  later) 

y;  +  F  —  r 


,  A  -  s  -  ji  + 


jl+F-t 
2 

2H^ 

r 


(F-r) 
2 


O  [  F5(«p  -  kh)  -  r0(«^  -  ^A)  ] ,  £  -  FAd(/^k  -  «f)  , 

F"  -  g^(h^+  . 


Equation  (3)  is  solved  by  the  successive  approximation  method.  The  known  ' 
value  of  the  initial  layer  is  used  to  determine  the  unknown  in  the  next  layer 
and  so  on.  Because  equation  (1)  contains  a  nonlinear  term,  it  is  necessary 
to  use  the  estimate  formula  to  find  the  initial  iteration  value  and  then 
employ  the  correction  formula  to  perform  multiple  Iterations  until  the 
accuracy  requirement  is  met.  Equation  (3)  can  be  rewritten  as: 
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A^q>i^-i+  B^q>^+  C^cp|^+l•^  Fi(  —  0,1 ,  2 ,  •  • ’5,  where —  Cj  —  0), 

The  successive  approximation  equations  are 

«  T-. 

77  ~  ^k^K-l  V  h 

B„- ^*“.5,’ 

<P^  “■  —  D^q>^+i,  q>s  *"  E5. 

Because  the  six  point  standard  Crank-Nicolson  difference  scheme  is  invariantly 
stable,  the  4iff®^^®rice  schemes  for  boundary  and  internal  points  approach 
second  Gicder  accuracy,  l.e.  the  truncation  error  is  0(h^  +  A^t).  Therefore, 
the  coefficient  matrix  satisfies  the  diagonal  priority  condition  and  the 
successive  approximation  process  is  stable.  Equation  (1)  contains  nonlinear 
terms,  phepefore,  the  estimation-correction  technique  is  used.  Due  to  the 
fact  that  equation  (1)  has  a  steep  apex,  we  also  perform  iterations  of  the 
correction  formula.  Thus,  the  solution  is  consistently  convergent.^  In 
addition,  in  order  to  keep  equation  (3)  conservative  at  the  apex  of  H(n),  as 
well  as  at  discontinuity  points  F,  T,  e,  these  points  are  chosen  to  be  grid 
points.  In  addition,  the  average  value  is  chosen  at  the  discontinuity  to 
significantly  weaken  the  fluctuation  of  the  solution.  Through  calculation, 
this  treatment  has  been  proven  to  be  correct.^  The  error  Ej  at  the  jth  level 
is  estimated  to  be: 


max 


<5. 


Here,  n  is  the  number  of  iterations  and  6  is  the  given  accuracy. 

The  following  equilibrium  equation  is  used  to  check  the  solution  of  equation 
(3);  i.e,  ihP  Integrate  equation  (1)  from  0  to  S  and  from  t  to  t  +  At,  and  to 
plug  in  file  boundary  conditions  on  both  sides: 

§0  *h  A/)  —  5(/)  •“  — HiiCCs.j+i  —  Cs,i^  —  A\Co,j+i  —  Co,,) 

^  aJ^'  +  F(Cp  -  Co.,>i)  -  -  Co.,+i) 

i  \  1  +  e,C  yo’i+t 

+  ,.r  ■  ('e.cd-cn  11 

L\  1  +  6jC  /"F’i+i  \  1  +  $iC 

5(0  -  0^« 

where  .A  trapezoidal  approximation  is  used  to 

satisfy  the  verification  requirement.  Its  truncation  error  is  also  O(h^). 

2.  Solving  the  Steady-state  Equation  (2) 

Equation  (2)  is  a  first  order  normal  differential. equation.  We  used  the 
Runge—JCutta  imethod  to  solve  it.  We  can  choose  five  different  orders  of 
Runge-^JCutta  methods  in  the  software.  For  this  equation,  as  demonstrated  Irt 
practice,  the  second  order  middle  point  Runge-Kutta  method  was  found  to  be 
most  efficient  and  accurate.  Its  algorithm  is  listed  in  the  following. 

Let  US  assume  that  the  different  equation  is 
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Let  h  be  the  step  length, — x«_,  +  A,  f„  ••  f(x„,  y„)  >  then  the  Iteration  formula 
is 

y»+i  —  + -jA,  + -j /„y 

Because  the  right  hand  side  of  equation  (2)  contains  unknoxm  F  and  T  which 
also  satisfy  two  other  equations  of  conservation.  Hence,  the  following  steps 
should  be  used  to  solve  it. 

1)  First,  it  is  solved  in  [np,  n^] .  In  this  case,  F  =  0.  Let  us  set  two 
different  initial  values  for  T.  We  moved  from  nj^^  toward  the  left  to  find  two 
different  values  for  C(np).  Then,  C(np)  is  considered  as  a  function  of  x. 

A  new  value  of  T  is  obtained  by  linear  interpolation.  In  addition,  equation 
(2)  is  also  solved  to  obtain  a  new  C(np)  value.  A  better  point  near  Cp  is 
chosen  from  two  previous  sets  of  (x ,  C(np))  to  be  linearly  interpolated  with 
the  new  point.  The  iteration  is  repeated  until  the  x  value  obtained  satisfies 
the  accuracy  requirement. 

2)  F  is  first  determined  in  [0,  np].  Two  different  initial  F  values  are  set 
to  solve  the  equation  from  the  left  of  np  to  obtain  two  different  values  of 
C(0).  Based  on  the  conservation  equation,  the  left  side  points  should 
satisfy 


D  -  C(0)  -  (FCf  -  t'Cj£)/(F  -  r)  -  0. 

D  is  considered  as  a  function  of  F.  A  new  value  of  x  is  determined  by  linear 
interpolation  with  two  known  points  (F,  D) .  The  iteration  is  repeated  until 
the  required  accuracy  is  reached. 

IV.  Program  Design 

The  name  of  the  software  is  FANNS812.COM,  which  is  written  in  F0RTRA.N  to  be 
used  on  the  CROMEMCO-B  microcomputer.  In  addition,  object  files  directly 
accessible  by  the  user  are  also  generated.  The  overview  of  the  software  is: 

1)  Man-machine  dialogue  is  used  to  interface  the  user  for  ease  of  operation. 

2)  After  all  parameters  are  displayed  on  the  CRT  (or  printer),  the  user  may 
modify  them  on  the  keyboard  and  redisplay  them.  The  flexibility  and  reliabil¬ 
ity  of  the  data  is  thus  ensured.  The  user  may  also  choose  the  printing  format 
of  the  calculated  results.  This  output  flexibility  also  guarantees  that  vari¬ 
ous  user  needs  are  met.  It  also  saves  computer  time. 

3)  The  program  also  displays  various  operating  messages  to  help  the  operator 
to  understand  the  progress.  During  the  process,  we  still  can  modify  the 
parameters  and  continue  the  original  calculation.  Intermediate  results  may 

be  stored  on  disks  so  that  the  calculation  may  continue  in  case  of  any  malfunc¬ 
tion,  to  save  time. 
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4)  The  program  can  be  run  based  on  our  choice;  i.e.,  the  start-up,  steady- 
state,  and  shut-down  stages  can  be  calculated  individually  (by  modifying  the 
working  parameters)  or  as  a  whole. 

5)  The  functionality  is  expanded.  For  instance,  ih  steady-state  and 
nonsteady-state  calculation,  approximations  are  used  (to  simplify  the 
nonlinear  term  as  eC(l  -  C) .  When  shutting  down,  we  can  iterate  with 
respect  to  t.  There  are  multiple  choices  for  the  time -grid  (three  kinds: 
equal  steps,  discrete,  and  software  adjusting).  In  the  nonsteady-state 
calculation  process,  the  time  step  may  be  changed  arbitrarily. 

The  primary  block  diagram  of  the  software  is  shown  in  Figure  2. 


Figure  2.  Primary  Block  Diagram  of  the  Software 
V.  Effectiveness  of  the  Application 

Good  formulas  were  chosen  in  the  software  design,  therefore,  the  number  of 
iterations  required  to  obtain  the  solution  is  very  small.  On  a  microcomputer, 
it  takes  more  than  an  hour  to  calculate  a  start-up  or  a  shut-down  process,  and 
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approximately  2  minutes  for  a  steady-state  calculation.  The  calculated 
results  can  completely  agree  with  the  physical  process  in  production  and  meet 
the  accuracy  requirement.  Because  the  software  correctly  simulates  the  pro¬ 
duction  process,  the  economic  benefit  is  most  outstanding; 

1)  Through  a  simulation  of  the  start-up  stage,  the  idling  time  is  shortened 
by  1  day,  resulting  in  an  additional  profit  of  over  80,000  yuan  per  run. 

2)  The  selection  of  the  steady-state  operating  plan  can  result  in  the  optimal 
technical  parameters.  The  plant  reformed  its  technology  based  on  the  steady- 
state  results,  leading  to  85.71  percent  higher  profit  in  1983  as  compared  to 
1982. 

3)  The  optimization  of  the  shut-down  process  allows  full  recovery  of  products 
in  residual  materials.  A  new  shut-down  plan  was  adopted  in  late  1981,  result¬ 
ing  in  an  additional  profit  of  100,000  yuan 
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[Text]  Abstract:  In  this  paper  a  computer-aided  design  method  for  optimum 
linear  time-invariant  systems  satisfying  both  quadratic  performance  index  and 
time-domain  performance  index  is  described.  The  function  of  the  CAD  package 
and  the  algorithm  of  spectral  factoring  to  solve  for  the  optimum  system  are 
presented.  An  actual  example  of  the  design  has  shown  that  the  design  method 
performs  well. 

Various  methods  can  be  used  to  design  linear  time-invariant  systems.  In  this 
paper  a  double  index  design  method  is  used.  That  is  to  require  that  the 
system  to  be  designed  must  simultaneously  satisfy  a  quadratic  performance 
index  and  a  time-domain  performance  index.  The  advantage  of  this  design 
method  is  that  it  is  capable  of  linking  the  optimum  system  designed  to  time- 
domain  performance  in  order  to  make  the  system  more  practical. 


I.  System  Design  Indices 
1.  Quadratic  Performance  Index 

Let  us  assume  that  the  reference  input  of  the  system  is  r(t),  the  system 
error  is  e(t),  and  the  amount  of  control  imposed  on  the  control  object  G(s)  is 
u(t).  At  a  specific  value  q,  the  system  which  is  capable  of  making  the 
generalized  index  function^ 

/  lo  (1-1) 

to  reach  its  minimum  is  called  the  optimum  system  I. 

According  to  quadratic  performance  index  J,  the  transfer  function  of  the 
optimum  system  I  can  be  determined  based  on  the  extremum  theorem^ : 


(1-2) 
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where  r(s)  is  the  image  function  of  the  input  reference  r(t).  D(s)  is  one  of 
the  solutions  of  the  following  equation;  3 

where  G^(s)  and  G^(s)  are  the  polynomial  numerator  and' denominator  of  G(s), 
respectively. 

{G^(-s)r(s)/D(^s)r  '  y 

represents  the  sum  of  the  rational  fraction  in  the  G^(-^)r(s)/D(-s)  expansion 
when  the  extremum  is  located  on  the  left  side  of  s . 


2.  Time-Domain  Performance  Index 

An  optimum  system  I  which  satisfies  a  given  time-domain  performance  index  is 
called  an  optimum  system  II;  or  the  optimum  system  for  short. 

Let  us  assume  that  thep  time-domain  performance  indices  are  J^,  then  the 
optimum  system  II  can  be  expressed  as:  ; 

<Pii(0  ”  *  •>/’}.  (1-4) 

•>  I 

where  represents  the  time-domain  parameter  corresponding  to  the  optimum 
system  I. 

The  time-domain  performance  indices  of  a  system  may  be  selected  based  on  the 
actual  need.  In  this  paper  several  common  indices' such  as  Mp  (over-shoot), 
tj.  (rise  time),  tg  (transition  time  or  adjustment  time),  Ng  (number  of  instail'- 
taneous  oscillations),  e^.  (allowed  system  error)  and  Ujj^  (peak  amount  of  con¬ 
trol)  are  used.  ‘  ' 

II.  System  Design  Method  ’V 

1.  The  Design  Method  for  the  Optimum  System  ’ 


According  to  the  characteristics  of  the  optimum  system  I,  its  transfer  func¬ 
tion  can  be  separated  into  two  parts,  i.e. 


where 


4>,(^)  —  Fo(f)<Po(0. 


(2-1) 

(2-2) 

i2-3) 


are  the  secondary  and  primary  parts  of  fj(s),  respectively.  K  is  a  constant 
yet  to  be  determined  in  choosing  the  form  of  the  primary  and  secondary  parts'. 
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In  the  design  process  the  primary  and  secondary  parts  are  separately  calcu¬ 
lated  to  reduce  the  work  load.  The  design  process  of  the  optimum  system  I 
Is  shown  In  Figure  1. 


Specify  accuracy 


Control  object  parameter 

_ i 

e. _ _ _ 

Estimate  Initial  values 

_ _  _ i 

/ 

1  Perform  spectral  factoring 

y - 1 

\ 

^  J 
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satisfied  > 


N 


Ty 

Calculate  primary  part 

\ ' 

Reference  Input 

- ^  Calculate  secondary  part 

■\  t' 

Optimum  system  I 

Artificial 

Intervention 


Figure  1.  Design  Process  of  Optimum  System  I 


As  for  the  reference  Input,  we  may  choose  from  commonly  used  step,  ramp, 
parabola  or  sinusoidal  functions. 

2.  Spectral  Factoring 


The  polynomial  D(s)  must  be  used  to  calculate  the  optimum  System  I.  To  solve 
D(s)  based  on  equation  (1-3)  Is  spectral  factoring.  In  the  following  an 
Improved  Newtonian  method®  will  be  Introduced  to  perform  spectral  factoring. 


Let  us  assume  that  the  coefficient  of  the  s^  term  of  D(s)  Is  Xj^.  Let 

,2i  ' 

2i  («'  — 0,1,2,  ••  •  ,«) 

-  2  (-DKAigf  +  gZ-igf), 

'■  y«0 


(2-4) 


Then  the  nonlinear  equation  to  solve  the  vector  x  Is 

(2-5) 

It  may  also  be  rewritten  as 


y(x)  -  0. 


(2-6) 


91 


where 


(2-7) 


where  and  are  the  coefficients  of  the  terms  of  G  (s)  and  G  (s). 
The  Jacobian  matrix  of  y(x)  is 


*0 

0 

0 

— 

*0 

—  *3 

■  '• 

0 

0 

0 

0 

0  • 

0 

•  ••  (—!)"*« 


(2-8) 


Based  on  the  fact  that  many  elements  at  the  upper  right  corner  and  the  lower 
left  corner  of  D[y(x)]  are  zero,  a  small  amount  of  calculation  may  be  used  to 
convert  it  into  a  lower  triangular  matrix  U(x).  In  order  to  prevent  U(x)  from 
lowering  its  order,  its  main  diagonal  elements  may  be  treated  as  follows: 


««(*)  -  { 


««(*)  >  s') 

(l«„(jf)l  <  s). 


(i  —  0,1,2,- • • ,«) 


(2-9) 


As  we  convert  D[y(x)]  into  U(x)  by  linear  transformation,  y(x)  is  also  linear¬ 
ly  transformed  into  v(x).  Let 

a(*) -•  (2-10) 


Hence,  we  get  the  iteration  equation  to  solve  x 

‘  0,^  -  I  ^ 

li;  ’  (llj'^ll<w). 


(2-11) 


where  e  and  M  are  the  smaller  and  larger  given  positive  numbers,  respectively. 
Wo  and  Wi  indicate  the  range  of  w. 


The  iteration  equation  (2-11)  has  no  rigorous  requirement  on  the  initial  value 
xq.  Hence,  the  initial  value  can  be  roughly  estimated  by  the  computer. 

The  advantage  of  the  spectral  factoring  method  is  its  fast  rate  of  convergence 
and  high  accuracy.  Moreover,  the  user  is  not  required  to  provide  the  initial 
value  for  the  Iteration. 


3.  Design  Method  for  Optimum  System  II 

The  design  of  an  optimum  system  II  is  carried  out  by  adjusting  the  q  value  to 
allow  an  optimum  system  I  to  satisfy  the  time-domain  index.  The  design  pro¬ 
cess  is  shown  in  Figure  2. 

The  main  workload  in  the  design  of  an  optimum  system  II  is  in  the  digital 
simulation  of  the  system  time-domain.  In  order  to  improve  the  design  effi¬ 
ciency,  a  fast  and  accurate  simulation  method — the  equivalent  transfer 
method  is  used  in  this  work  for  the  digital  simulation  of  the  system. 
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Figure  2.  Design  Process  of  Optimum  System  II 
4.  Design  Method  for  System  Compensators 

After  the  optimum  system  is  calculated,  we  should  also  design  a  corresponding 
compensator  (or  calibrator)  in  order  to  link  it  with  G(s)  to  become  the  opti¬ 
mum  control  system.  Various  compensating  methods  such  as  compound  calibration, 
serial  calibration,  status  feedback  calibration,  and  partial  status  feedback 
are  used.  The  purpose  of  having  various  compensating  methods  is  to  make  it 
convenient  for  the  user  to  select.  The  algorithm  of  a  feedback  compensator 
can  be  found  in  Reference  1. 

III.  Program  Structure  and  Function 

The  primary  function  of  the  CAD  program  in  this  paper  is  limited  in  two  areas: 
one  is  to  use  the  computer  to  perform  data  processing  in  the  system  design 
process  and  the  other  is  to  establish  the  man-machine  dialogue  (primarily  for 
manual  intervention) .  Figure  3  is  a  schematic  diagram  of  the  program  struc¬ 
ture. 


-CAD  program- 


Figure  3.  Schematic  Diagram  of  the  Program  Structure 
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The  basic  functions  of  various  parts  of  the  program  are  as  follows: 

1)  Data  Input.  Data  input  includes  the  inpiit  of  controlled  device  parameters, 
design  indices,  and  request  and  control  commands.  If  the  designer  does  not 
intend  to  intervene  in  the  design  process ,  the  CAD  program  can  automatically 
complete  the  entire  design  work. 

2)  Main  Program.  The  main  program  is  the  principal  part  of  the  CAD  program 
which  consists  of  over  a  dozen  subroutines  performing  various  functions.  The 
basic  function  is  to  perform  data  processing  and  calculation  to  complete  the 
design. 

3)  Design  Process  Control.  The  function  of  design  process  control  is  to  per¬ 
form  the  management  of  the  design  process  according  to  the  control  commands 
and  to  establish  a  channel  for  manual  intervention. 

4)  Information  Output.  Messages  are  sent  when  abnormalities  exist  in  the 
design  process  to  facilitate  manual  intervention.  Upon  completing  the  design, 
various  results  such  as  data  and  tables  are  sent  to  the  output. 

5)  Manual  Intervention.  When  the  designer  decides  to  intervene,  manual  in¬ 

tervention  is  possible.  There. are  two  kinds  of  manual  intervention:  interven¬ 
tion  at  fixed  points  and  intervention  at  any  point.  ^  f:  [  - 

The  special  features  of  the  above  CAD  program  incldde  its  multiftiri'ctioh 
capability,  high  efficiency  and  convenience.  This  program  is  capable  of 
finishing  the  design  of  optimum  linear  steady  systems  below  the  ^Oth 'brder'  at  ' 
a  reasonably  fast  speed.  .  .  .  ,  . 

IV.  Example  of  System  DeSign  '  .  /  ,  '  Y  .  ■ 

An  example  of  the  design  of  a  control  system  is  introduced  lit  the  fpllowing. 

Let  us  assume  that  the  object  to  control  is  f  . 


y  1600.Q74  ^ 

"  (0.08f  +  1)(0.6j  4-  !>’  ^  ;  V:  %  ■ 

and  the  design  requirements  are  ^^10,  — 2^,  /,^‘0.3(sec.)  •  TUe" 

reference  input  is  a  step  function.  Based  on  the  structure  ^of  , .the  object  to  , 
be  under  control,  we  will  design  the  status  feedback  compensator,  the  trans¬ 
fer  function  of  the  output  system  and  its  response  curve., 

The  results  are  as  follows.  The  transfer  function  of  the  optimun|  system  is  , 


4>0) 


3577.7655 

0.048j'  +  4.1j^  +  171.2854f  +  3577.7655’ 


The  time-domain  performance  indices  of  the  optlum  system  are 
tf,- 7.85%,  0.08(scc.),  I,  -  0.165(sec.),iV,-  0.5  (times)  »  -  0.91. 

The  method  of  compensation  and  the  compensator  of  the  optimum  system  are 
shown  in  Figure  4.  The  response  curve  of  the  optimum  system  is  shown  in 
Figure  5. 
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Figure  4.  Compensation  Method  and  Compensator  for  the  Optimum  System 
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Figure  5,  Time-Domain  Response  Curve  of  the  Optimum  System 

The  above  design  results  show  that  the  system  designed  by  this  CAD  package 
has  good  response  characteristics.  The  outstanding  features  include  its 
short  transition  process  and  small  over-shoot. 

V.  Conclusions 

There  are  various  methods  to  design  a  single  variable  linear  steady  system 
which  satisfies  quadratic  performance  indices.  In  this  paper  a  spectral 
factoring  method  was  used.  The  special  feature  is  that  this  method  can  be 
used  to  directly  determine  the  transfer  function  of  the  optimum  system.  The 
algorithm  is  improved  in  this  work  to  solve  the  spectral  factoring  problem. 

When  a  control  system  is  used  in  practice,  the  user  is  often  concerned  about 
the  time-domain  performance  indices  of  the  system.  In  this  paper  digital 
simulation  of  the  time-domain  of  the  system  was  used  to  obtain  more  accurate 
time-domain  performance  parameters .  These  parameters  are  then  used  to  per¬ 
form  design  by  constraint.  Thus,  the  optimum  design  of  the  system  is  combined 
with  its  time-domain  performance  index  to  make  the  system  more  practical. 

The  CAD  program  Introduced  in  this  paper  was  designed  based  on  the  need.  Its 
major  features  are  simplicity,  convenience,  practicality,  and  suitability  for 
mini-  and  microcomputers . 

The  author  wishes  to  thank  Professor  Wang  Ziping  [3769  1311  1627]  and  Asso¬ 
ciate  Professor  Hu  Youde  [5170  4368  1795]  of  Beijing  Industrial  Institute  for 
their  guidance. 
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18  January  1983:  "Geometric  Nonlinear  Analysis  of  the  Finite  Element  Method 
of  Shell  [sic]"] 

[Text]  Abstract:  Geometric  nonlinear  stiffness  matrices  for  shells  are 
derived.  The  programming  method  making  the  originally  complex  calculation 
quite  simple,  is  given.  Some  numerical  examples  are  also  given. 

I.  Preface 

Owing  to  developments  in  aircraft  and  space  technology,  thin  wall  panels  and 
shell  structures  are  used  in  great  quantities.  In  order  to  further  reduce 
the  weight  of  these  structures ,  people  have  been  prompted  to  do  much  experi¬ 
mental  analysis  and  theoretical  research  on  the  characteristics  of  these 
structures.  For  certain  practical  problems,  the  linear  theory  fits  well  with 
experimental  results.  A  large  number  of  problems  (great  structural  deforma¬ 
tion,  lateral  stability,  hypercurvature  analysis,  and  the  effects  of  defects), 
however,  must  still  be  studied  with  regard  to  their  geometric  nonlinear 
behavior.  The  finite  element  method  has  many  advantages  when  used  in  geo¬ 
metric  nonlinear  analysis  and  is  a  very  effective  tool  for  resolving  compli¬ 
cated  structures. 

This  paper  takes  oblate  shell  elements  as  representatives  to  produce  geometric 
nonlinear  stiff  matrix  formulae  that  do  not  rely  on  the  interpolation  function 
of  a  particular  element,  as  well  as  methods  for  writing  routines.  This  allows 
originally  complex  calculations  to  become  rather  more  convenient.  Finally, 
numerical  results  for  a  flattened  cylinder  and  for  an  oblate  spheroid  are 
provided. 

II.  A  Nonlinear  Element  Stiff  Matrix 

Different  theories  about  shells  produce  different  displacement — strain 
relations.  Using  the  displacement — strain  relation  of  the  flat  shell  large 
displacement  given  in  Reference  3: 
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du  I  .  1  /  dtv^ 

dx  Rn  dx^  2  \dx)  * 

dv  _J_  W  _  ^  d^W  _|_ 

dy  Rii  *  ay'  2  Vay  /  ’ 

a«  I  Qv  .|.  2w _ 2^  (1) 

ay  dx  Ra  dxdy  dx  dy  ’ 

where  Rn  is  the  principal  curvature  radius  of  the  x  direction,  R22  is  the 
principal  curvature  radius  of  the  y  direction,  and  R12  is  the  hybrid  curva¬ 
ture  radius • 

If  the  material  is  evenly  isotropic,  the  elastic  matrix  is 


Based  on  Reference  6,  the  Interpolation  function  for  the  element  is  found 

to  be 


•  */ =  LiV2j  Bat 
,«/  =  LA^aJB, {«/<'"}, 


where  [_  J  indicate  row  vectors ,  {  }  indicate  column  vectors ,  j_N^  J  is  the 

term  constituted  row  vector  of  the  interpolation  polynomial , 

{u^®)},  {v^®^},  {w(®)}  is  the  partial  nodal  parameter  constituted  column 
vector  for  element  is  the  element  interpolated  function,  and  the 

matrix  (1=1,  2,  3)  is  determined  by  the  element  nodal  point  coordinates 
and  the  nodal  point  parameters. 


Based  on  the  stress-strain  relation,  the  strain  on  element  can  be  varied 
to  obtain  the  stiff  matrix  for  the  elastic  large  deformation  (large  displace¬ 
ment)  small  strain  of  a  flat  shell  element  as 
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where 


.A:W  =  K\‘^  +  +  Kf , 


’ 

0 

M : 

IS' 

0 

0 

IS' 

fc(i) 

'133  J 

6(3) 

ki?. 

0 

0 

0 


(4) 


— linear  stiff  matrix, 

KgC®) — first  order  stiff  matrix,  each  element  of  which  is  the  linear  homogen¬ 
eous  function  of  the  element  nodal  point  parameters, 

K3  — second  order  stiff  matrix,  each  element  of  which  is  the  second 

homogeneous  function  of  the  element  nodal  point  parameters. 


Because  the  expansion  of  each  element  in  the  geometric  nonlinear  stiff  matrix 
(4)  is  very  lengthy  and  overelaborate.  Implementation  in  a  program  is  a  better 
method.®  The  calculation  formulae  that  we  adopted  were  general,  but  at  the 
same  time  are  still  particular.  In  order  to  shorten  things,  we  give  here  just 
a  few  submatrices,  so  for  detailed  formulae  see  Reference  6.  For  example: 


j  j  *  mi  mi) 

i}«) 

BrffVr.  8«;d{iV,}  dLNJ  ^a{iV3}  8L^ 

4.  V  ./8ri>  8{iV3}  8LMJ-.  .  ^  mi  miL]] 

W  dy  dy  ^  dy  dx  8y  /J  ^  ^ 

*(3)  _  nr  ( f  .  Vu  /  a^Y  ^  BM. 

-fla])  e;c  8*  ^  zKdy )  dy  dy 

3}(») 

^,3  +  21/33  r (d^y  d{N^}  8LN3J' 

2  13  \8af/  dy  dy 

(dwy  d{N,}  dM  ^2.dj^^  /8{Ar,}  8La;^3J 
3  \8y/  8*  '  dx  '3  ~dx  8y  \  8y  dx 


(6) 


(7) 


(8) 


where  h  is  the  element  depth  (assuming  it  is  layered),  b|  Is  the  transposed 
matrix  (i  =  1,  2,  3)  of  the  matrix  Bj^,  and  under  normal  conditions,  Bi  =  B2 , 
and  I  Nj  |  =  |  Nj  |  .  One  can  see  from  Equations  (4)  through  (8)  that  this  . 
method  of  matrix  representation  is  more  distinct  and  clearer  than  using  sub¬ 
script  notation  (Reference  2,  pp  246-247).  Overall  formation  and  linear 
analytical  conditions  are  the  same. 
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III.  Program  Techniques 


One  can  see  from  Equations  (7)  and  (8)  that  if  calculations  for  the  nonlinear 
element  matrix  use  the  method  for  general  handling  of  linear  problems  (term- 
wise  expanded  calculations) ,  then  each  element  in  the  nonlinear  portion 
and  K3(®)  Is  very  tedious.  To  overcome  this  difficulty,  we  have  written 
routines  using  the  method  proposed  in  Reference  6.  The  chief  attributes  of 
this  method  are :  automatically  selects  element  interpolation  functions,^ 
based  on  the  element  nodal  point  values  and  nodal  point  parameter  types , 
while  J_Ni_l  is  always  composed  of  terms  of  a  polynomial  (or  is  changed  to  this 
format),  forming  a  computer  oriented  unified  calculation  formula  that  uses  an 
analytical  method  to  derive  and  integrate,  and  that  produces  a  nonlinear 
element  stiff  matrix.  One  can  see  from  Equations  (6)  through  (8)  that  a 
typical  derivation  Included  in  the  calculation  of  Equation  (4)  is 


diNii  ^ 
d/  dsdt 


(/>  s 


Included  typical  integrations  are 


((  cp,{P}lQ\dxdy  (  ^  (f 


(9) 

(10) 

(11) 

(12) 


where  {P}  and  J_Q_J  are  the  column  and  row  vectors  making  up  the  terms  in  the 
polynomial,  tpi  is  the  constant  not  related  to  the  element  partial  nodal  point 
parameters,  cpz  is  the  linear  homogeneous  function  of  the  element  partial  nodal 
point  parameters,  qpa,  and  (pa  is  the  secondary  homogeneous  function  for  the 
element  partial  nodal  point  parameters.  If  element  is  of  variable  thick¬ 

ness,  then  ^1,  qp2 ,  ipa  are  also  thickness  functions 


The  calculation  of  Equation  (9)  can  be  summed  up  as 


_d_ 

8x 


d 

ey 


(»»,«>e). 


(13) 


Therefore,  it  is  very  easy  for  the  computer  to  implement  this  kind  of  deriva¬ 
tion  operation. 

The  integration  of  each  element  in  Equations  (10)  through  (12)  can  be  summed 
up  as 

j|  x^y^dxdy  (»«,  n  ^  0).  (14) 
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As  for  elements  of  different  shapes*  Equation  (14)  is  handled  through  differ¬ 
ent  integration  subroutines,  triangular  elements,  calculation  under  integral 
transformation  to  barycentric  coordinates  (area  coordinates),  and  the  integral 
calculated  in  the  principal  axis  coordinate  system. 

When  comparing  nonlinear  analysis  to  linear  analysis,  the  number  of  calcula¬ 
tions  for  element  stiff  matrices  is  greatly  increased,  while  in  the  solution 
process  the  calculations  must  be  made  over  and  over  again,  so  saving  calcula¬ 
tion  time  becomes  very  important.  For  this  purpose,  saving  calculation 
results  from  Equation  (14)  in  a  reflected  [?]  (xianghui  [4161  6540])  triangle 
to  obtain 


1 

*  y 
xy  y* 


2  2 
X  y 


x”'  . xy”"‘  y”,  x’*”  x'‘"'"’y' . x'y*"’"*  y”". 

Triangular  elements  Square  elements 

When  integrating  the  first  appearance  of  x'V’^.  roll-in  the  integration  sub¬ 
routines  and  save  the  results  of  the  calculations  in  the  order  described 
above,  then  when  the  integration  of  this  term  appears  repeatedly  it  need  not 
be  recalculated.  Due  to  the  symmetry  of  the  stiff  matrix,  lower  triangular 
elements  can  be  calculated.  As  for  the  formation  of  Nj  and  B^(i  =  1,  2,  3), 
see  Reference  6  and  8  for  the  data  handling  of  derivation  and  integration  of 
the  polynomial.  We  will  not  discuss  it  further  here. 


It  is  worth  pointing  out  that  when  increasing  the  types  of  new  elements  that 
can  be  done  by  only  expanding  the  functions  of  the  subroutines  for  Equations 
(3)  and  (14),  while  the  rest  of  the  routines  will  need  no  further  alteration. 
Our  routines  have  produced  triangular  portions  and  square  portions  (including 
plane  shell  elements  ellipsoid  shell  elements,  and  cylindrical  [?]  (GUI)  [2710] 
shell  elements),  and  there  is  a  6  x  3  element  type,  the  nodal  parameters  of 
which  are  as  follows; 
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The  remaining  types  of  nodal  point  parameters  are  not  listed  one  by  one  here. 
IV.  Flowchart  for  Nonlinear  Element  Rigid  Matrix  Routines'’ 


Subroutine  Aii 

-  ^  T 

Form  the  matrix  B,(.i  =  l,  2,  3) 
^Return 

Subroutine  A2: 

■  ;■  '  i. 

Form  the  column  vector  =  1,2,3) 

|Return 
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Subroutine  A3 ; 


_ _ _ _  ■ 

Calculate  the  derivitive  value  (» =  1, 2, 3)  of  j_Nj_l 


Subroutine  Ar.. 


Subroutine  j. 

^5» 


1  Return 


Calculate  =  1»  2>  3) 

1  Return 


Calculate  jj  x’^y'dxdy 
I  Return 


Subroutine  Atx 


Subroutine  Ayi 


_ 

Calculate  bTsb,,  also  send  the  result  to  ■  :  : 
the  assigned  position;  S  is  the  symmetric 
matrix,  remaining  triangle;  (i=  1,2,3) 

I  Return 


_ _ i _ 

Calculate BTBBi,  also  send  the  result  to  the 
assigned  position;  R  is  a  square  matrix 
of  a  rectangular  matrix;  (i=I ,2 ,3; j=l ,2 ,3) 


I  Return 


where  LA^iJ  ““  ^ 

The  main  flowchart 


_ _  Y _ _ _ 

Form  the  element  nodal  point  values ,  nodal  point 
parameter  types,  and  form  the  basic  data  for 
calculating  the  element  stiff  matrix. 

■  1  ' 

call  A,y  foimLN,J;call.4.,f  ormB, 

■  j 
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I 


Discrim-  .  i  i  i  . „ 

= 

inant  •  |r„|  ^  •!«„]  l«..l  ^ 

'  Call  t 

If  ^  <"■)  ^  ff  ^  ("■>  ^ 

/;(«)  fl(») 

ft  -If 

1 

ddlCQ-  calcu- 

Call  ^.,late  ^i}>;clall.<„Iate^;;\ 

I  ^’calculation  completed) 


i 


caicu- 

Call  late^i?’. 

I (JiC5*>calculation  completed) 

Ttie  entire  nonlinear  element 
stiff  matrix  is  complete 

1 

Return 


V.  Results  and  Analysis  of  Numerical  Values 
(1)  The  basic  program 

Formation  of  geometric  nonlinear  general  stiff  matrices  is  the  same  as  the 
linear  superimposed  process.  Based  on  nodal  point  parameters  transformation 
formulae,  transform  the  element  stiff  matrix  (4)  under  partial  nodal  point 
parameters  to  an  element  stiff  matrix  with  overall  nodal  point  parameters, 
then  based  on  element  nodal  point  coding,  overlaying  onto  an  overall  stiff 
matrix.  The  equilibrium  equation  for  a  geometric  nonlinear  elastic  shell  is 

(Kx  +  J^,(A)  +  A:j(A)){A}  =  {p},  (15) 

where  Ki--linear  stiff  matrix;  Kz (A)— first  degree  stiff  matrix;  KsCA)-- 
second  degree  stiff  matrix;  {A}— column  vector  for  overall  nodal  point  param¬ 
eters  (degree  of  freedom);  and{P} — load  column  vector. 
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Equation  (15)  can  be  solved  with  various  iterative  methods,  and  often  used 
iterative  methods  are  the  direct  iteration  method,  the  Newton-Raphsort  method, 
and  the  incremental  method.  Here,  the  direct  iteration  method  is  used.  Its 
iterative  format  is 

{Af}  =  -  (16 


{E(Ar‘>)}  =  +  /^,(Ar‘0){Ar‘’}. 

The  initial  values  are: 

{A^}  = 

{An  =  {Ai--\}. 


The  iteration  convergence  discriminant  standard  is  taken  as 


max 

/ 


(  a!^»>,  -  { A^; 


<  s 


10- 


(17) 

(18) 

(19) 

(20) 


where  — load  Increase  factor  (k  >  1) ,  and  the  subscript  k  is  related  to  the 
load  increase  factor  the  superscript  j  is  the  iterative  frequency  of  Aj^, 
and  the  subscript  SL  indicates  the  £  component  of{A^^^}. 

The  essentials  of  the  calculation  of  the  direct  iteration  method  are 

(i)  generate  Ki  and  {P}; 

(ii)  resolve  Ki  (change  to  the  square  root  method); 

(iii)  calculate  {F(A^^j)}  the  method  being  similar  to  calculating  the  equiva¬ 
lent  uniform  load  for  physical  strength; 

(iv)  by  resubstitution  find  the  solution  {Aj^Cj))  to  Equation  (6); 

(v)  Equation  (20)  does  not  satisfy,  jump  to  (iii);  Equation  (20)  does 
satisfy,  alter  Aj^,  then  jump  to  (ill). 


Figure  2.  Elliptical  Surface  Of  a  Cylinder 
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Figure  3.  Elliptical  Surface  of  a  Spherical  Section 

E  =  3Xl0‘.«0.3,  =  E(^y  ^ 
e  =  7.1* 


(2)  Calculation  of  a  peripherally  fixed  elliptical  surface  of  a  cylinder 

q  =  0.04  Ibs/sq  inch 
h  =  0.125  inch 
E  =  450,000  Ibs/sq  inch 
V  =  0. 3 

Calculating  one-fourth  of  an  elliptical  surface  of  a  cylinder,  partition  that 
into  4x4,  calculate  using  the  16  square  elements,  then  calculate  32  triangu¬ 
lar  elements,  and  the  two  groups  of  square  elements  will  be  similar  in  type, 
while  the  iterative  initial  load  will  not  be  the  same,  the  results  being  the 
same  as  those  in  Reference  2  (see  Table  1) . 
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Table  1 


(3)  Calculation  of  a  peripherally  fixed  elliptical  surface  of  a  sphere  cap 


Table  2 


Element  type  Triangular  oblate  shell  Triangular  plane  shell 
Linear  results  0.265676X10-'  0. 283222 xlO~*  _ 
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Computing  triangular  oblate  shell  elements  and  triangular  plane  shell  elements, 
their  difference  will  be  least  when  their  deformation  is  less.  For  large ^ 
deformation,  differences  between  the  two  will  become  greater  as  the  load  in¬ 
creases.  The  capability  of  plane  shell  elements  to  resist  deformation  is  less 
than  that  of  oblate  shell  elements.  We  can  see  from  Table  2  that  for  rela¬ 
tively  flat  sphere  cap  shells,  when  doing  linear  analysis  with  plane  shell 
elements  the  results  are  still  better.  The  computational  results  for  triangu¬ 
lar  oblate  shell  elements  are  the  same  as  with  Reference  4. 

(4)  Newton-Raphson  iteration 

In  finite  element  geometric  nonlinear  analysis  before  critical  loads  is  most 
often  solved  with  Newton-Raphson  iterative,  direct  iterative,  and  load  incre- 
mentive  methods,  the  basic  form  for  which  is  the  Newton-Raphson  iteration. 

The  general  format  for  that  may  be  written 

{aV+‘'}  =  {aV’}  -  A:f(AV>){/?(Ar)},  ^21) 

+  2X,(AV’)  +  3A:,(AV0. 

+  ^>(Af)  +  A:,(AVO){Alt’>}-MP}.  (23) 


where  K^CA)  is  called  a  tangential  stiff  matrix  and  is  also  the  discriminant 
matrix  for  the  critical  load,  because  the  row  and  column  values  for  Kx(A)  of 
the  limit  or  ramification  points  are  zero.  Obviously,  the  formation  of 
Kt(A)  is  the  same  as  the  overall  stiff  matrix.  Because  elemental  nonlinear 
stiff  matrices  are  formed  by  overlapping  according  to  strict  rules.  If  the 
load  is  not  graded,  the  subscript  k  will  not  appear. 

The  advantages  of  the  Newton-Raphson  method  are  that  it  is  broad  in  applica¬ 
tion  and  has  a  high  speed  of  convergence  (quadratic  convergence),  but  there 
is  a  great  deal  of  computation  (each  iteration  must  reform  Kx(A),  while 
requirements  for  the  initial  values  of  the  iteration  are  strict.  Many  cor¬ 
rection  plans  have  been  proposed  centering  on  relaxing  the  initial  values, 
lowering  the  amount  of  calculation,  and  improving  convergence  speed,  and  one 
often  used  algorithm  is  to  take  Kx (A)  =  Ki,  called  the  Newton-Raphson  correction 
method,  where  Equation  (21)  becomes 

{  AV^‘n  =  {  AV’}  -  KTW^T)}.  (2^) 


Substituting  Equation  (23)  in  Equation  (24)  we  get 

(Ai?+‘>}  =  {aV’}  -  ktW,  +  K,(AV')  +  k:j(AV0){AV')  - 

== -/^r‘[(^i(AV’)  +  ^^3(Af))^AV’}  -  (25) 

It  follows  that  Equations  (24)  and  (25)  are  the  same  as  Equations  (16)  and 
(17).  Therefore,  the  direct  iteration  method  is  the  corrected  Newton-Raphson 
iteration  in  a  certain  significance,  and  it  clearly  reduces  the  calculation 
time  for  each  iteration.  Theoretically,  the  original  quadratic  convergence 
drops  to  a  linear  convergence.  If  requirements  for  the  precision  of  the 
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solution  (see  Equation  (20))  are  not  strict,  we  can  usually  achieve  the  goal 
of  a  drop  in  the  amount  of  overall  calculation. 

The  load  incrementive  method  is  to  divide  the  load  into  several  incremental 
sums,:  to  increment  each  load,  and  for  the  overall  stiffness  matrix  to  also  use 
the  corresponding  approximation  of  the  linear  stiff  matrix.  Solving  a  linear 
problem,  you  obtain  a  displacement  Increment,  then  overlay  each  displacement 
increment  to  obtain, the  displacement  that  is  finally  required,  the  computa¬ 
tional  form  for  which  may  be  written 

{^^}  =  i*(^.  +  A:, (A*.,)  + 

{A*}  =•  {A*-,}  +  =  2  {«/•}  (tfo  =  0), 

1*0 

M 

^0  “  ^  ^p*  (28) 

i »  0 

where  Cp  is  the  given  constant.  This  avoids  the  convergence  problem  that  is 
generated  by  iterative  solutions,  but  the  accuracy  is  difficult  to  control. 

To  ensure  a  certain  degree  of  accuracy  we  must  seek  for  each  factor  to  be 
smaller,  cause  M  to  become  greater,  and  consequently  to  expand  the  amount  of 
computation.  We  can,  at  the  same  time  that  we  increase  (reducing  M) ,  in¬ 
sert  an  appropriate  iteration  correction  causing  a  decrease  in  the  overall 
amount  of  computation,  as  well  as  ensuring  a  certain  precision  in  the 
solution. 

It  can  be  seen  from  Equations  (21)  and  (22)  that  the  Newton- Raphs on  method  is 
not  suited  to  use  in  calculating  displacement  in  the  vicinity  of  critical 
loads.  For  analysis  of  displacements  in  the  vicinity  of  limit  points  and 
ramification  points,  the  perturbation  method  is  most  often  used.^ 

(5)  Analysis  of  results 

As  the  calculations  for  cylinder  elliptic  shells  and  oblate  shells  show,  the 
direct  iteration  method  is  very  effective  for  geometric  nonlinear  calculations 
before  critical  loads.  Actually,  it  is  just  as  pointed  out  above,  that  the 
direct  iteration  method  is  a  corrected  Newton-Raphson  method.  The  calculation 
process  also  shows  that  when  you  compare  a  certain  load  that  has  been  split 
into  several  increments  to  that  load  not  so  split,  the  overall  calculation 
time  for  that  not  split  up  is  less,  and  the  convergence  does  not  change. 

Because  the  tangential  stiff  matrices  are  similar  (both  are  Ki),  the  results 
described  above  are  quite  predictable.  Therefore,  when  there  is  a  low  level 
load,  the  amplitude  of  load  increases  can  be  greatly  enlarged.  In  the  calcu¬ 
lation  process  of  the  two  examples  above,  errors  are  basically  in  monotone 
descent,  and  it  is  only  when  using  plane  shell  element  approximation  that 
there  are  occasional  errors  in  the  calculation  process  that  are  not  monotone 
descending.  When  geometric  nonlinearity  is  critical,  iteration  will  generate 
erroneous  oscillating  motion,  and  convergent  results  can  possibly  not  be 
obtained.^  It  can  be  seen  in  the  process  of  calculation  that  when  erroneous 
high  amplitude  oscillating  motion  is  produced,  the  iterations  will  not 


(26) 

(27) 
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converge,  and  the  calculation  should  be  stopped  or . another  method  should  be 
immediately  taken  up.  „ 

We  can  also  see  from  the  computational  results  of  cylindrical  elliptical  shells 
that  in  the  calculation  of  triangular  elliptical  shell  elements  and  square 
eliipttical  shell  elements , ‘ calculation  precision  and  convergence  speed  are ^ 
uniform.  '  However ,  iri  the  aspedt  bf  't^  amount '  of  calculation,  the  former  is 
muth  greater  than  the  letter.  Using  triangular  portions,  not  only  is  the 
quantity  of  elements  double  that  of  squhres ,  but '  the  time  taken  by  each 
element  is  greater— it  takes  time  to  integrate  triangular  fields.  Therefore, 
in  geometric  nonlinear  analysis,  we  ought  to  use  square  elements  more  often 
and  use  triangular  elements  less. 

For  the  computer  programs  used  in  this  paper,  we  utilized  a  few  general  func¬ 
tional  modules  from  the  1977-78  finite  element  universal  routines  of  the 
Computer  Center ,  Chinese  Academy  of  Sciences.  We  jgratefully  thank  the 
colleagues  who  took  part  in  this  work;  We  also  express  our  gratitude  to  the 
one  routine  by  Comrade  Xiao  Renshi  [5135  0088  0099]  of  the  joint  unit  of  the 
Nanchang  Plant  No  320,  used  in  this  computer  program. 

’  V  ..'references'.  , 

1.  Collection, of.  Translated  Documents,  part  1  of  two  parts ,  "The  Finite 
Element  Method  in  Solid-State  Mechanics Science  Press ,  1977. 

2.  Ibid.,  part  2. 

3.  Wo-er-mi-er,  A.C.  [3087  5101  ,1378  5101] "Malleable  Boards  and  Malleable 
Shells,"  Science.  Press,  1963  (Lu^Wenda  [4151  2429  6671],  Huang  Zeyan 
[7806  2344  6056],  and  Lu  Dinghuo  [4151  7844  7202],  translators). 

4.  Yeh,  C.H. ,  "Dynamic  Nonlinear  Analysis  of  Thin  Shells,"  PhD  thesis. 
University  of  California,  Berkeley,  December  1970. 

5.  Zhang  Di ,  "Automatic  Indexing  of  Overall  .Nodal  Point  Parameters  in  Finite 

,  Element .General  Routine  Systems  and  Nodal  Point  Parameter  Transformation," 

,  1,3,6  Ministry  of  Machine-Building  Industry  Finite  Element  Conference 

.  (Bengbu) ,  1978.11.  ■  -  • 

6.  Zhang  Di,-Cai  Zhongxiong,  ’", A  New  Method  for  Writing  Finite  Element  Method 
Elemental  Matrix  Programs,"  National  Annual  Meeting  for  Computer  Mathema- 

;:tics,  (Guangzhou) ,1979.11. .  , 

7.  Gallaghar,  R.H. ,  "Theory  and  .Practice  on  Finite  Element  Structural  Analy¬ 

sis,"  Proceedings  of  the  1973- Tokyo  Seminar  , on  Finite  Element  Analysis , 
pp  109-123;  ,  •  .  .  ;  ...  V  .v  - 

8.  Zhang  Di,  "Two  Problems  in  Finite  Element  General  Routine  Systems," 
National  Conference  on  Computer  Dynamics  (Hangzhou),  1980.11. 

9.  Wang  Deren" [3769  1795  0086] ,  "A  Group  Solutibn  Method  for  Nonlinear  Equa¬ 
tions  and  ^fethods  for  Optimization,"  People's  Education  Publishing,  1980, 

pp  28-44. 

12586/9365  111" 

CSO:  4008/1008 


JPRS'‘CST*‘86*‘003 
27  January  1986 


PHYSICAL  SCIENCES 


HOLOGRAPHIC  NOT  OF  THIN  TITANIUM  PLATE  DESCRIBED 

Beijing  XIYOU  JINSHU  [RARE  METALS]  in  Chinese  Vol  9  No  4,  Jul  85  pp  58-61 

[Article  by  Yang  Ruixiang  [2799  3843  4382]:  "Nondestructive  Testing  of 
Internal  Defects  of  Thin  Titanium  Plate  With  Laser  Holography"] 

[Text]  I.  Introduction 

Holography  is  a  technique  for  recording  the  amplitude  and  phase  changes  of  an 
object  on  a  photographic  plate  in  the  form  of  interference  fringes.  Because 
the  holographic  interference  method  can  examine  a  component  in  the  noncontact 
mode  and  is  not  bothered  by  complicated  part  shape  or  surface  roughness,  it 
has  been  widely  used  in  nondestructive  testing.^"® 

In  the  rapidly  developing  aerospace  industry,  titanium  and  titanium  alloy  thin 
plates  are  used  more  and  more  but  local  delamination  has  been  found  in  the 
production  process  of  bonded  titanium  plates.  Using  ultrasonic  methods,  such 
defects  are  difficult  to  detect  and  large  area  delaminations  with  tightly 
closed  edges  can  easily  be  missed.  Other  testing  methods  are  also  unsuccess¬ 
ful.  We  therefore  developed  a  holographic  method  for  detecting  defects  in  thin 
titanium  plates  and  tested  several  high  temperature  alloy  plates . 

II.  Testing  Equipment 

The  apparatus  consists  of  a  vibration-free  table,  a  He-Ne  laser,  a  beam  eleva¬ 
tor,  three  electronic  shutters,  a  beam  splitter,  two  beam  expanders,  a  reflec¬ 
tion  mirror,  a  real  time  photographic  plate,  a  real  time  developer  and  fixer, 
and  an  electrically  controlled  platform.  The  setup  is  shown  in  Figure  1,  and 
the  light  path  is  shown  in  Figure  2. 


Figure  1.  Holographic  Testing  Apparatus 
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Figure  2.  Schematic  Diagram  of  the  Light  Path 
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The  details  of  the  testing  setup  are  as  follows: 

1.  Laser.  The  laser  used  in  the  testing  is  a  monochromatic,  single  mode 
laser  with  a  stable  output  power.  The  coherence  length  of  the  laser  is 
greater  than  the  dimension  of  the  test  piece.  We  have  used  both  ZWB-100  and 
JD-3  He-Ne  lasers.  The  output  power  is  monitored  with  a  GG-1  laser  power 
meter. 

2.  Beam  elevator.  The  beam  elevator  adjusts  the  laser  beam  to  the  proper 
height  and  direction. 

3.  Electronic  shutters.  The  electronic  shutter  controls  the  exposure  time. 

4.  Beam  splitter.  The  beam  splitter  divides  the  laser  beam  into  an  object 

beam  and  a  reference  beam  and  controls  their  ratio  at  1/8  1/10  on  the 

holographic  plate.  The  ratio  of  the  object  beam  and  the  reference  beam  is 
measured  with  a  light  intensity  meter  and  a  light  spot  galvanometer  assembly. 

5.6.  Electronic  shutters.  The  shutters  may  be  operated  independently  at  the 
electronic  control  panel. 

7.  Beam  expander.  The  beam  expander  7  expands  the  incident  laser  beam  uniform¬ 
ly  to  cover  the  test  piece  10. 

8.  Beam  expander.  The  beam  expander  8  expands  the  incident  laser  beam  uniform' 
ly  to  fill  the  reflection  mirror  9. 

9.  Reflection  mirror.  The  reference  beam  reflects  at  the  mirror  and  fills 
the  holographic  plate  11. 

10.  Test  specimens.  Test  piece  No  1  is  a  titanium  plate  2  mm  thick  and 
150  X  150  mm^  in  area.  Test  piece  No  2  is  a  titanium  alloy  plate  2  mm  thick 
and  455  x  255  mm^  in  area.  Test  piece  No  3  is  a  high  temperature  alloy  plate 
3  mm  thick  and  200  x  200  mm^  in  area. 
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11.  Holographic  plate.  We  used  the  Tianjin  I  type  holographic  plate  to  record 
the  interference  fringes . 

During  the  test,  a  number  of  light  shields  were  installed  to  keep  the  stray 
light  out. 

II.  Testing  Method 

The  nondestructive  testing  was  made  using  an  infrared  thermal  loading  method. 
Large  size  titanium  alloy  plates  were  examined  in  sections .  Thin  titanium 
alloy  plates  were  held  with  clamps  to  reduce  the  low  frequency  vibration.  The 
principle  of  thermal  loading  NDT  is  as  follows: 

When  the  thin  plate  is  heated  and  expands, the  surface  deforms  slightly.  If 
the  load  is  applied  properly  and  the  plate  is  defect  free,  the  surface  deforma¬ 
tion  is  regular  and  the  corresponding  interference  fringes  are  a  smooth  set  of 
curves.  If  the  plate  has  Internal  defects,  a  proper  loading  will  reveal 
anomalies  of  surface  strain  distribution.  Such  anomalies  show  up  as  irregular¬ 
ities  in  the  interference  fringes  and  are  used  to  detect  flaws. 

The  small  surface  deformation  can  be  measured  with  two  different  methods: 

(1)  Real  time  method 

In  this  method  a  hologram  is  first  taken  without  load  and  the  interference 
fringes  on  the  loaded  plate  surface  are  then  observed  through  the  no-load  holo¬ 
gram  for. any  irregularity.  The  advantage  is  that  only  one  hologram  is  needed 
to  observe  the  surface  condition  at  various  load  levels .  It  can  rapidly  and  • 
economically  determine  the  required  load  level  accurately.  The  major  problem 
is  that  it  requires  an  attachment  that  ensures  a  reproducible  position  of  the 
hologram  and  the  displacement  cannot  be  more  than  a  few  wavelengths  of  light. 

(2)  Double  exposure  method 

In  this  method,  two  holograms  are  taken  on  the  same  film  with  the  object  under 
two  different  loads.  The  two  waves  are  then  reconstructed.  The  addition  of 
the  two  reconstructed  waves  leads  to  interference  fringes  and  irregularities 
of  the  fringes  are  indications  of  internal  flaws. 

This  method  is  immune  to  the  difficulty  of  accurately  repositioning  the  holo¬ 
gram  and  the  problem  of  film  shrinkage.  The  disadvantage  is  that  one  cannot 
observe  the  surface  deformation  at  different  load  levels  and  it  is  more  diffi¬ 
cult  to  determine  the  load  parameters . 

In  order  to  detect  Irregularities  in  the  dense  and  indiscernable  fringes,  a 
fringe  control  technique  is  used.  The  hologram  film  is  sensitized  to  improve 
the  exposure  speed  and  the  quality  of  the  hologram.  The  sensitization  proce¬ 
dure  is  to  immerse  the  film  in  a  5  percent  triethanolamine  solution  for  10 
seconds.  ;  ^ 
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IV.  Testing  Results 

Using  an  infrared  lamp  for  the  heating,  defect  fringes  can  be  clearly  seen  in 
the  real  time  method  when  the  plate  temperature  is  increased  by  0.5-10®C  and 
the  reproducibility  is  good.  Since  flaws  at  different  locations  on  the  plate 
may  not  appear  simultaneously  at  the  same  load,  the  experimental  conditions 
must  be  carefully  controlled  and  the  hologram  is  then  taken  with  the  double 
exposure  method. 

Figures  3,  4,  5,  and  6  are  reconstructed  pictures  of  defects  in  plate  Nos  1,  2, 
and  3.  The  testing  of  plate  No  2  was  done  in  two  steps  and  the  results  are 
shown  in  Figures  4  and  5,  respectively.  Figure  6  shows  a  defect  in  the  high 
temperature  alloy  plate.  The  test  results  are  in  agreement  with  delamination 
detected  by  Lamb  waves. 


t 


Figure  3. 


Hologram  of  Plate  No  1 


Figure  5.  Hologram  of  a  Different 
Location  on  No  2 


Figure  4.  Hologram  of  Plate  No  2 


V.  Discussion 

1.  Laser  hologram  can  be  used  in  the  detection  of  delamination  defects  in 
titanium  and  titanium  alloy  thin  plates. 

We  first  inspected  our  samples  with  ultrasound  and  then  used  the  laser  holo¬ 
gram  method  on  plates  suspected  to  be  defective.  The  holographic  method  con¬ 
firmed  the  existence  of  defects  and  determined  the  defect  location.  To  verify 
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the  reliability  of  the  holographic  technique,  we  conducted  the  following 
experiments  on  plate  No  1» 

(1)  By  varying  the  experimental  conditions,  we  observed  fringe  anomalies  at 
the  same  location  on  the  sample.  On  similar  defect-free  samples  of  the  same 
thickness,  no  fringe  anomalies  were  found. 

(2)  We  confirmed  the  defect  location  found  in  the  holographic  testing  with  a 
SM-1  scanning  apparatus. 

(3)  We  sectioned  the  defected  part  of  plate  No  1  and  analyzed  the  sectioned 
specimens  metallographically  and  using  SEM.  Each  specimen  showed  rod-like 
defects.  On  a  2  cm  long  specimen,  several  dozens  of  rod-like  defects  were 
found.  The  diameter  of  the  rod  was  a  few  micrometers  and  10  of  the  rod 
defects  were  0. 3-0.5  mm  long.  Figure  7  shows  the  defect  shape.  Sections  of 
defect  free  samples  revealed  no  defects.  When  the  rod-like  defect  in  Figure  7 
was  examined  using  a  scanning  electron  microscope,  the  rods  actually  protruded 
above  the  surface.  (See  Figure  8) 


Figure  7.  Metallographic  Picture  of  Defect  in  Plate  No  1  (xl60) 


Figure  8.  SEM  Picture  of  Defect  in  Plate  No  1  (xl800) 

2.  We  have  also  tested  delamination  defects  in  high  temperature  alloy  plates 
using  the  holographic  method.  Two  of  the  plates  were  2  mm  thick  and  three 
plates  were  3  mm  thick.  The  plate  area  was  200  x  200  mm^.  The  test  results 
agreed  with  that  using  Lamb  waves. 

We  have  therefore  demonstrated  that  laser  holographic  testing  can  detect  de- 
lamination  defects  in  press-formed  titanium  and  titanium  alloy  plates  and  high 
temperature  alloy  plates.  Because  the  holographic  method  has  stringent 
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requirements  on  vibration,  it  is  presently  limited  to  laboratory  use.  Compared 
to  ulttasonlc  and  eddy  current  methods ,  the  laser  holographic  method  has  a 
poorer  efficiency  and  is  more  costly.  However,  if  the  presently  Used  holograph¬ 
ic  film  is  replaced  by  a  photoconductlve  thermoplastic  fllm^  pr  an  Industrial 
television  camera,  the  inspection  speed  will  be  much  improved.^® 
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RING  DEFECT  OF  GaAs  STUDIED 
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[Article  by  Chen  Jianbang  [7115  1017  6721]  and  Zhang  Guoli  [1728  0948  0448] : 
"The  Ring  Defect  of  GaAs  Crystals"] 

[Text]  I.  Introduction 

In  recent  years  III-V  compound  semiconductor  devices  have  attracted  consider¬ 
able  attention  for  their  applications  in  such  areas  as  high-speed  Integrated  ■ 
circuits*  dual  hetero junction  semiconductor  lasers,  integrated  optics ^ devices ,• 
microwave  and  optical  communication,  and  fifth  generation  computers.  The • 
development  of  III-V  semiconductor  devices  naturally  requires  a  complete  tech¬ 
nology  base  for  epitaxial  growth.  It  requires  high  quality  uniform  epitaxial  ' 
layer,  uniform  multilayer  structures  of  a  few  hundred  angstrom  thickness  and 
defect-free  single  crystal  substrates.  Such  technology  is  a  prerequisite 
producing  high  performance  and  durable  semiconductor  devices .  In  terms  of 
the  substrate,  the  single  crystal  should  be  large,  the  radial  distribution  of 
concentration  should  be  uniform  and  the  crystal  should  be  free  from  defects. 

The  crystal  integrity  and  the  elimination  of  defects  are  of  great  importance 
in  the  development  of  GaAs  IC's. 

Common  defects  in  GaAs  are  dislocations,  stacking  faults,  and  precipitates. 
Etching  with  molten  KOH  often  reveals  the  dislocation  pits,  and  the  number  of 
dislocation  pits  is  generally  used  as  an  indicator  of  the  defect  density  of 
the  single  crystal.  Recently  we  have  often  observed  circular  defects  in 
chemically  etched  Si-doped  GaAs  single  crystals  grown  in  a  horizontal  boat. 

Some  of  these  circular  defects  have  an  indented  central  part  and  resemble  the 
shape  of  lunar  mountains.  We  call  them  ring  defects.  In  this  article  we 
describe  in  detail  the  detection  method  of  ring  defects  and  the  results  of 
electron  probe  analysis. 

II.  Experiment  and  Results 

The  GaAs  single  crystal  grown  with  a  horizontal  boat  is  first  cut  perpendicu¬ 
lar  to  the  <100>  direction  into  1  mm  thick  slices,  rough  polished  with  No  302 
grit  corundum  to  remove  the  cut  marks  and  then  fine  polished  with  No  306  grit 
corundum.  They  are  then  cleaned,  etched  with  a  chemical  solution  made  from 
three  parts  sulphuric  acid,  one  part  hydrogen  peroxide,  and  one  part  deionized 
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water,  and  then  etched  with  300°C  molten  KOH  for  5  minutes.  After  the  crystals 
are  cleaned  and  dried  at  room  temperature,  they  are  examined  under  an  optical 
microscope.  The  crystals  show  a  number  of  small  pits,  as  shown  in  Figure  1. 

In  addition  to  the  individual  dislocation  pits,  most  of  the  defects  are  circu¬ 
lar  in  shape.  The  diameters  are  from  30-50  ym  and  the  density  is  2  x  10 ^cm 


Figure  1.  Macroscopic  View  of  the  Ring  Defect 

Figure  1  is  the  macroscopic  view  of  the  ring  defect.  When  region  M  in  Figure  1 
is  viewed  under  the  microscope,  the  pictures  are  shown  in  Figure  2.  The  ring 
defects  are  labeled  as  R  and  the  dislocation  pits  are  labeled  as  D.  In 
Figure  2(g)  one  can  see  that  the  dislocation  pits  are  arranged  along  the  <110> 
direction.  The  distribution  of  the  ring  defects  is  random  and  the  ring 
defects  also  have  a  different  appearance  than  that  of  dislocation  pits,  as 
shown  in  Figure  2(b).  The  morphological  information  obtained  from  X-ray  reflec 
tion  and  transmission  diffraction  show  that  the  ring  defects  are  not  related  to 
the  dislocation  pits  or  the  dislocation  lines.  In  other  words,  they  are  not 
the  tips  of  dislocation  and  they  do  not  appear  to  spawn  more  dislocations.  In 
fact,  the  number  of  dislocation  pits  is  less  in  crystals  with  ring  defects. 


a 


b' 

Figure  2.  Optical  Photomicrograph  of  Ring  Defects 


Reproduced  from 
best  available  copy. 
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Figure  3.  Electron  Probe  Analysis  of  the  Central  Indentation 
of  the  Ring  Defect 


We  examined  the  ring  defects  with  a  JXA-50A  electron  probe  operated  at  25  kV. 
We  find  that  the  concentrations  of  Ga  and  As  are  lower  at  the  center  indenta¬ 
tion  of  the  ring  defects,  see  Figure  3(a),  whereas  the  concentrations  of  A1 
purity  and  Si  are  much  higher  than  other  places,  see  Figure  3(b). 

Incidentally,  it  was  reported  in  Reference  3  that  ring  defects  (probably  Si 
precipitates)  and  other  forms  of  SiOa ,  a-Ga203,  and  ^“AlaOs  are  often  found 
when  horizontally  grown  Si-GaAs  single  crystals  are  examined  with  a  1,000  kV 
SEM. 

III.  Analysis  and  Discussion 

In  the  previous  section  we  described  the  shape,  size,  and  distribution  of  the 
ring  defects  and  quantitative  analysis  shows  that  the  ring  defects  contain 
impurity  aluminum  and  silicon.  We  now  present  a  simple  analysis  on  the  intro¬ 
duction  of  the  impurity  and  the  formation  of  the  ring  defects.  Since  the  ring 
defects  are  observed  in  specimens  cut  directly  from  polished  and  chemically 
etched  single  crystals  that  have  not  been  annealed  or  heat  treated,  the  ring 
defects  may  be  regarded  as  intrinsic;  that  is,  the  ring  defects  are  primary 
flaws  formed  in  the  growth  process  of  the  single  crystal.  In  our  experiment 
we  have  polished  away  the  top  layer  of  crystals  with  a  large  number  of  ring 
defects  and  then  chemically  etched  the  polished  surface.  Almost  all  the  ring 
defects  disappeared.  The  distribution  of  the  ring  defects  is  therefore 
random.  We  may  therefore  speculate  that  the  defect  distribution  may  be 
related  to  the  thermal  field  distribution  in  the  crystal  growth  process  and 
the  formation  of  the  defect  may  be  directly  related  to  silicon  and  aluminum 
impurities.  Since  the  A1  and  Si  contents  of  the  starting  materials  (Ga  and 
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As)  are  very  low  (less  than  5  ppb)  but  the  A1  impurity  content  of  the  quartz 
boat  and  quartz  tube  is  as  high  as  16  ppm*  the  A1  impurity  is  most  likely 
introduced  by  the  quartz  boat  at  high  temperature.  As  for  the  Si  impurity,  the 
source  is  naturally  the  dopant  itself  and  the  Si02  in  the  quartz  boat.  From 
the  quartz  boat  alone,  the  amount  of  Si  concentration  introduced  at  high 
temperature  may  reach  5  x  10^ ^/cm^.  The  dopant  and  the  effect  of  the  thermal 
field  make  the  Si  impurity  concentration  even  higher.  We  believe  that  the  A1 
and  Si  impurities  in  the  ring  indentation  are  introduced  by  the  quartz  boat 
when  the  GaAs  crystal  is  groxm  at  high  temperature.  When  the  impurities  reach 
a  certain  concentration  in  the  thermal  field,  mixtures  or  oxides  are  formed. 
After  chemical  etching.  Irregular  circular  pits  (l.e.,  "ring  defects")  are 
formed.  These  ring  defects  are  very  similar  to  those  observed  by  Kaneno  at 
the  interface  between  GaAs  and  Al2jGa]^_^As  epitaxial  layer,  shown  in  Figure  4. 


Figure  4.  Ring  Defects  Observed  by  Kaneno,  et  al. 

When  they  analyzed  the  central  portion  of  the  ring  defect,  they  also  found  Al 
impurity.  They  believe  that  such  defects  are  caused  by  the  nonuniform  mixture 
of  AI2O3  and  Ga203  in  the  liquid  epitaxial  growth.  They  also  believe  that  the 
density  of  the  ring  defect  is  related  to  the  contamination  of  the  epitaxial 
atmosphere.  If  a  semi-sealed  device  is  used  for  the  growth  to  reduce  the 
oxygen  contamination  of  the  nitrogen  atmosphere,  the  number  of  defects  will 
be  less. 

As  can  be  seen  from  Figures  2(a)  and  4,  the  ring  defects  are  very  similar  in 
shape.  In  both  cases,  Al  impurity  is  detected  at  the  central  region  of  the 
defect.  (We  also  detected  Si.)  Even  though  the  impurity  is  introduced  by 
different  processes,  it  would  be  interesting  to  study  the  common  features 
shared  by  the  two  defects  and  to  explore  the  role  of  the  Al  Impurity  in  the 
GaAs  crystal.  If  we  were  to  use  our  GaAs  single  crystal  as  a  substrate  for 
epitaxial  growth,  then  it  would  be  most  likely  to  observe  the  type  of  ring 
defects  observed  by  Kaneno,  et  al.  at  the  epitaxy-substrate  interface  because 
the  single  crystal  substrate  already  has  such  defects. 

IV.  Conclusion 

When  horizontally  grown  Sl-GaAs  single  crystals  are  etched  with  molten  KOH, 
we  observed  ring  defects  different  from  the  usual  dislocation  pits.  The 
defect  diameter  is  about  30-50  ym  and  the  density  is  2  x  10 ^/cm^.  Analysis 
shows  that  the  central  region  of  the  defect  has  Al  and  Si  impurities.  The 
source  of  the  Al  Impurity  is  believed  to  be  the  quartz  boat  because  the  Al 
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content  of  the  quartz  tube  and  quartz  boat  used  in  the  crystal  growth  is  as 
high  as  16  ppm.  The  Si  impurity  naturally  comes  from  the  quartz  boat  and  the 
dopant.  To  maintain  the  integrity  of  the  GaAs  single  crystal,  one  must  pay 
attention  to  the  impurity  content  of  the  quartz  boat  used  in  the  growth  of 
the  crystal  in  addition  to  the  purity  and  the  mixture  ratio  of  the  starting  Ga 
and  As  materials. 
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of  a  New  System  Architecture  With  Hybrid  Redundancy — HCC"] 

[Text]  Abstract:  The  current  computer  structure  with  hybrid  redundancy  (HCS) 
is  analyzed  and  its  problems  are  identified.  A  new  hybrid  redundancy  system 
structure  (HCC)  is  introduced.  Compared  to  HCS,  HCC  recovers  much  more  rapid¬ 
ly  from  failure.  It  can  reuse  modules  cut  off  due  to  transient  failure  and 
thus  becomes  more  reliable,  neat  in  design,  concise  and  easy  to  expand. 

The  fault-tolerance  of  a  fault-tolerant  computer  is  resulted  from  protective 
redundancy;  i.e.  redundant  resources  are  used  to  Improve  the  reliability  of 
the  system.  Redundancy  can  be  divided  into  hardware  redundancy,  software 
redundancy,  Information  redundancy,  and  time  redundancy.  There  are  two  basic 
types  of  hardware  redundancy,  i.e.  static  redundancy  and  dynamic  redundancy. 

A  new  type  of  redundancy  system — hybrid  redundancy  system — can  be  established 
by  combining  these  two  modes.  A  hybrid  redundancy  not  only  can  shield  the 
effect  of  any  failure  in  time  but  also  can  automatically  reconfigure  and 
recover.  The  system  not  only  is  highly  reliable  but  also  can  operate  over 
long  periods  of  time  without  failure.  Therefore,  it  is  widely  used.  For 
instance,  this  redundancy  mode  is  used  in  the  key  components  of  the  STAR 
computer  such  as  TARP,^  FTMP,^  and  SIFT.^  The  system,  however,  is  highly 
software  dependent.  It  is  more  appropriate  to  realize  the  hybrid  redundancy 
system  by  hardware. 

I.  The  HCS  Structure  and  Its  Problems 

The  hardware-based  hybrid  redundancy  system  Introduced  in  References  4  and  5 
is  controlled  by  the  switching  component.  In  this  paper  it  is  denoted  as  HCS 
(Hybrid  redundancy  system  Controlled  by  Switch).  The  system  has  N  +  S  identi¬ 
cal  modules,  N  working  modules  form  a  "core"  where  N  is  an  odd  number.  The 
remaining  S  modules  are  used  as  spares.  These  spares  may  or  may  not  be 
powered.  This  system  is  denoted  as  H(N,S)  in  this  paper. 

The  system  has  a  voter  which  determines  its  output  by  majority.  When  the 
output  of  more  than  (N  +  l)/2  of  the  working  modules  is  1(0),  the  output  of 
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Figure  1.  Principle  of  the  HCS  Structure 


the  system  is  1(0).  When  the  system  is  in  operation,  the  disagreement  detec¬ 
tor  is  used  to  compare  the  output  of  the  core  modules  and  that  of  the  system. 
Based  on  the  result,  the  disagreement  detector  will  inform  the  switch  unit 
to  replace  modules  inconsistent  with  the  majority  with  the  spares.  The 
system  continues  to  replace  failed  modules  with  the  spares  until  all  of  them 
are  in  use.  Then,  the  system  becomes  a  simple  majority  voting  system.  The 
spare  parts  may  also  fail.  The  failure,  however,  cannot  be  detected  until 
the  spares  are  replaced  to  work  as  core  modules .  In  this  paper  the  voter , 
switch,  and  disagreement  detector  is  abbreviated  as  VSD.  Vpi  is  used  to 
express  the  i^h  position  of  the  voter. 

In  general,  VSD  always  becomes  more  complex  with  increasing  S.  Its  failure 
rate  will  increase  and  the  effect  of  VSD  on  the  reliability  of  the  system 
also  goes  up.  Hence,  VSD  design  is  the  focal  point  in  the  design  of  a 
hybrid  redundancy  system.  The  reliability  of  the  entire  system  can  be 
improved  only  when  the  VSD  can  be  realized  in  a  concise  and  reliable  manner. 

Based  on  the  principle  described  above,  an  H(3,2)  system  was  designed  and 
reported  in  Reference  5.  It  was  specifically  analyzed  and  recognized  to  have 
the  following  major  deficiencies. 

(1)  The  VSD  is  relatively  complicated.  Furthermore,  its  complexity  increases 
rapidly  with  Increasing  number  of  spares.  It  is  difficult  to  make  it  reliable. 

(2)  The  switch  delay  is  significant.  The  delay  is  generally  of  the  order  of 
Do  =  10  +  2(N  +  S).  This  limits  the  timing  cycle  and  also  slows  down  system 
recovery. 

(3)  Physically,  the  VSD  is  located  between  the  module  output  and  system 
output,  affecting  the  rate  of  Information  transfer. 

(4)  It  is  very  difficult  to  reuse  modules  cut  off  due  to  transient  failure. 
Based  on  a  great  deal  of  statistical  analyses,  the  majority  of  failure  is 
transient. 
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A  detailed  analysis  on  the  system  with  the  HCS  structure  is  performed  from 
the  angle  of  reliability. 

Mathematical  Model  of  Reliability 


In  an  H(N,S)  system,  let  us  assume  that  the  reliability  of  a  module  follows  an 
exponential  distribution.  Let  us  also  assume  that  the  failure  rates  of  the 
working  and  spare  modules  are  X. and  y.  Their  reliability  functions  are 
>•  f-*',  Q(/)  —I  e~'“  >  respectively.  Based  on  reliability  theory,  the 

reliability  of  the  system  can  be  expressed  as  (proof  omitted): 
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represents  taking  m  combinations  out  of  J,  ^  effect 


of  VSD  is  not  considered  in  the  above  equation. 


Based  on  equations  (1)  and  (2),  for  a  given  number  of  total  modules,  the 
reliability  of  the  system  decreases  with  increasing  N  and  decreasing  S.  To 
this  end,  in  order  to  improve  the  system  reliability,  we  must  use  more 
modules  as  spares  and  keep  the  core  modules  at  three. 

Effect  of  Recovery  Rate  on  Reliability  and  MTFF  (Mean  Time  to  First  Failure) 

Although  the  reliability  can  be  improved  by  using  a  redundancy  method,  how¬ 
ever,  there  are  always  some  fatal  failures.  The  entire  system  will  fail 
when  these  problems  occur.  The  parameter  C  (coverage)  is  used  to  describe 
the  effect  of  this  type  of  failure.  C  is  defined  as  the  probability  of  the 
system  to  be  able  to  recover  and  continue  information  processing  without 
suffering  any  permanent  loss  of  any  basic  information  after  a  failure  (of  the 
working  or  spare  module)  occurs.  C  is  called  the  recovery  rate. 

Based  on  equation  (1),  we  can  derive  the  following: 
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When  the  recovery  rate  C  is  considered,  the  reliability  of  the  system  H^a^S) 
is  denoted  as  R*(3,s)^'^^’  prove  that  (proof  omitted): 
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The  following  conclusions  can  be  obtained  based  on  a  great  deal  of  analyses. 

(1)  When  C  =  1,  the  reliability  of  the  system  always  Increases  with  increas¬ 
ing  S.  The  rate  of  increase,  however,  is  decreasing  gradually. 

(2)  For  specific  values  of  C  <  1,  X,  y,  and  T,  S  has  an  optimal  value  So. 

When  S  =  So  ,  ^  ^(3  ,S  )  instance,  let  X  =  10"  /hour, 

y  =  5  X  lO-Vhr,*!  =  2  x  lO'^’hr.  When  C  =  0.990,  0.991,  0.992,  0.993,  0.994, 
0.995,  So  =  3.  When  C  =  0.996,  0.997,  0.998,  0.999,  So  =  4. 

(3)  The  larger  S  is,  the  shorter  the  operating  time  becomes  and  the  larger 
the  effect  of  C  on  R  is. 
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C  has  a  similar  effect  on  MTFF.  When  the  effect  of  C  is  considered, 
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This  shows  that  we  should  maximize  the  probability  of  the  VSD  to  perform  the 
correct  module  switching  in  the  design  of  a  hybrid  redundancy  system. 
Therefore,  it  is  necessary  to  conduct  a  fault-tolerance  design  of  the  VSD. 

To  add  equipment  alone  cannot  Improve  the  reliability  of  the  system. 

Effect  of  VSD  on  Reliability 

Let  us  denote  the  reliability  of  VSD  as  Rj^(T) .  Let  us  assume  that  the  reli¬ 
ability  of  a  working  structure  consisting  of  3  +  S  modules  is  RgCT).  Then, 
the  reliability  of  the  system  is: 

R(T)  =  ReCT)  •  RrCT), 

Because  RgCT)  <  1,  R(T)  <  Rj^(T).  The  reliability  of  the  VSD  is  the  upper 
limit  of  the  system  reliability. 

In  addition.  Reference  6  pointed  out  that  in  an  j^_3\  system  there  is  a 
critical  value  Rcp  for  the  reliability  of  an  individual  module  Rq  for  a  given 
N.  When  Rq  <  R^p  regardless  of  Rg^,  R  <  Rq  .  Similarly,  there  is  a  critical 
value  Rj^.  When  Rp  is  less  than  this  critical  value,  regardless  of  Rq,  R  <  Rq. 
In  other  words,  when  Rq  or  Rp  is  less  than  its  critical  value,  the  system 
reliability  cannot  be  Improved  by  hybrid  redundancy. 
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II.  HCC  Structure 


In  recent  years,  numerous  experiments  conducted  in  educational  institutions 
and  corporations  showed  that  approximately  90  percent  of  the  failures  of 
computer  systems  in  operation  are  transient  failures.  Transient  failure 
seriously  affects  the  reliability  of  the  system.  In  a  hybrid  redundancy 
system,  it  should  be  possible  to  reuse  modules  cut  off  due  to  transient 
failure  to  fully  utilize  the  resources  to  further  improve  the  reliability  of 
the  system. 

Basic  Principle  of  the  HCC  Structure 

Figure  2  shows  the  basic  principle  of  the  HCC  structure.  The  control  unit 
controls  the  reconfiguration  and  recovery  of  the  system.  The  function  of  the 
control  unit  is  to  determine  the  f allured  modules  when  there  is  disagreement 
and  to  choose  spares  to  replace  failed  modules  according  to  a  specific  algo¬ 
rithm  to  create  a  new  working  structure.  It  starts  the  core  modules  and 
connects  them  to  the  appropriate  voter  positions.  The  connecting  circuit  is 
a  simple  array  of  control  gates  which  is  responsible  for  linking  the  N 
modules  chosen  by  the  control  unit  to  the  appropriate  positions . 


Based  on  the  fact  that  the  majority  of  failures  is  transient  and  the  transient 
failure  rate  is  gradually  declining,  modules  failed  within  a  specific  time 
period  are  more  susceptible  to  failure.  A  strategy  to  minimize  the  use  of 
recently  failed  modules  is  adopted.  The  priority  is  to  use  those  which  did 
not  fail  recently  or  to  use  the  spare  modules  which  are  not  used  recently. 

Each  module  is  equipped  with  a  counter  with  a  suitable  initial  state.  For 
Instance,  in  the  H(3  system,  three  counters  are  set  at  ’O'  and  the 

remaining  N-3  counters  are  1,  2,  3,  • • • ,  N-3.  The  'O'  counters  correspond  to 
the  core  modules.  Whenever  a  module  is  replaced,  counters  corresponding  to 
modules  not  included  in  the  core  will  Increase  by  1.  Counters  corresponding 
to  those  modules  selected  are  reset  to  0.  The  module  corresponding  to  the  N-3 
counter  has  priority  to  be  chosen.  This  module  has  not  recently  been  selected 
to  enter  the  core. 

The  m  modules  selected  to  enter  the. core  are  positioned  in  the  voter  according 
to  their  physical  sequence.  The  advantage  of  this  arrangement  is  that  the 
switching  is  simple.  It  is  easy  to  determine  the  module  positions  in  the 
voter.  To  detect  disagreement,  it  is  only  required  to  compare  the  system 
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output  to  the  line  output  without  checking  the  output  of  each  module.  The 
number  of  disagreement  detectors  is  reduced  and  the  safety  of  the  system 
is  improved  (line  failure  is  also  detected) . 


Figure  3.  Connecting  Circuit  and  Voter 


Using  the  H(3,2)  system  as  an  example,  the  connecting  circuit  and  voter  are 
shown  in  Figures  3  and  4  [figure  4  not  shown  in  original].  In  the  figures, 
represents  the  output  of  the  i^^  module. 

(xi)o»  (xi)i,  and  (xj^)2  represent  counter  contents  00,  01,  and  10  correspond¬ 
ing  to  the  ith  module,  respectively.  They  represent  that  the  module  is  in 
the  core,  is  just  replaced  due  to  failure  and  is  one  of  the  two  candidate 
reserves,  respectively.  The  initial  state  of  the  counter,  (xi)o»  (x2)o* 

(x3)o,  (X4)i,  (X5)2,  (i  =  1.2,3)  is  set  to  '0.'  The  PLA  sends  the  module 
start  signal  si,  S2,  S3,  and  switch  control  signal  Kq ,  K3 ,  K5  to  link  the 
module  output  Ml,  M2 ,  M3  to  the  Vpi,  Vp2,  Vp3  in  the  voter.  When  a  disagree¬ 
ment  is  found,  the  system  issues  an  interrupt  request.  There  are  two  simple 
programs,  i.e.  ,  interrupt  process  program  and  recovery  program,  in  the  system. 
The  system  may  decide  whether  to  respond  to  the  interrupt  request  depending  on 
the  current  task.  For  certain  key  tasks,  they  must  be  completed  before 
responding  to  the  interrupt  request.  The  interrupt  processing  program  stores 
all  the  necessary  Information  to  be  recovered  in  each  module  in  the  memory  or 
in  certain  registers.  The  control  unit  is  triggered  by  the  end  of  process 
signal  to  reconfigure  the  system.  The  control  unit  sends  a  new  module  start 
signal  and  switch  control  signal  Kj  based  on  the  new  state  to  let  the 
recovery  program  recover  the  system. 
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III.  Comparison  of  the  HCC  Structure  and  HCS  Structure 
Compared  to  HCS,  the  HCC  structure  has  the  following  improvements. 

(1)  Recovery  is  basically  achieved  by  hardware.  There  is  little  dependence 
on  software.  The  recovery  is  rapid.  For  instance,  the  delay  between  receiv¬ 
ing  a  disagreement  signal  to  sending  an  interrupt  request  is  only  4.4  gate 
width  in  the  aforementioned  H(3^2)  system.  (The  trigger  is  1.4  gate  width.) 
From  receiving  the  end  of  process  signal  to  sending  the  module  start  and 
switch  control  signal,  there  is  a  3.4  gate  width  delay. 

(2)  It  is  not  necessary  to  have  additional  tag  for  failed  modules  and  for 
functional  spares  which  saves  hardware.  In  the  HCS  structure,  however,  it 
is  required  to  use  additional  marker  to  label  spare  modules  not  powered. 

(3)  The  data  bus  is  basically  separated  from  the  switch  control  unit.  There 
is  little  effect  on  the  information  transfer  by  switching. 

(4)  The  design  of  VSD  is  simple  and  concise.  It  is  easy  to  design  a  failure 
safe  and  completely  self-detecting  system. 

(5)  Modules  cut  off  due  to  transient  failure  can  conveniently  be  reused  to 
improve  the  reliability  of  the  system.  To  facilitate  a  detailed  analysis,  a 
parameter  K  is  defined  as  the  probability  for  the  failed  module  to  recover  in 
a  unit  time  period.  According  to  Markov  process  and  theory,  the  reliability 
functions  of  the  aforementioned  H^j ^2)^ ®y®tem are: 

-^P,(0 - (31  +  2fi)P,Ct)  +  KP,0) 

dt 

^P,it)  -  (31  +  2^)  .  C  •  P,(0  -  (A  +  31  +  ^)PM  +  KP,it) 
dt 

—  PM  =  (31  +  ^)  •  C  •  PM  -  (A  +  31)P3(/)  +  KPiii) 
dt 

—  PM  “  3  xcPiit')  -  (a:  +  2i)P2(0 

dt 

^PM  -  (31  +  2^)(1  -  c)PM  +  (31  +  ^)(1  -  C)PM 

dt 

+  31(1  —  c)PM  +  ixPiO) 

P,(0)  -  1  ,  P4(0)  -  P3(0)  =  P2(0)  =  Pi(0)  =  0 

P£(t)  represents  the  probability  that  there  are  i  working  modules  at  time  t 
and  all  remaining  modules  failed. 

The  reliability  of  the  system  R(t)  =  1  Pi(t). 

Based  on  a  great  deal  of  numerical  calculations  using  values  of  A,  y,.and  C 
to  reflect  the  state  of  the  technology,  we  found  that  even  when  K  is  very 
small,  such  as  K  =  0.0001,  the  reliability  of  the  system  can  still  be 
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significantly  improved  compared  to  that  of  a  system  where  transient  failure 
modules  cannot  be  reused. 
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EXPERIMENTAL  STUDY  ON  EFFICIENCY  OF  PIEZOELECTRIC  TRANSDUCER  IN  HIGH-POWER 
EXCITATION 

Beijing  YINGYONG  SHENGXUE  [APPLIED  ACOUSTICS]  in  Chinese  Vol  4  No  4,  Oct  85 
pp  14-16,  32 

[Article  by  Lin  Zhongmao  [2651  0112  5399],  Fang  Fuquan  [2075  4395  0356],  and 
Su  Dunzhen  [5685  2415  3791],  Institute  of  Acoustics,  Chinese  Academy  of 
Sciences] 

[Abstract]  In  an  experimental  study,,  the  electrical  measurement  method  is  used 
to  determine  the  efficiency  of  a  sandwich-type  piezoelectric  transducer  in 
high  power  operating  conditions.  Included- in  the  study  are  the  relationship 
of  electroacoustic  efficiency,  load,  and  input  electric  power  of  the  piezo¬ 
electric  transducer,  as  well  as  the  frequency  characteristics  of  tranducer 
efficiency.  In  the  mode  of  acoustic  matching,  the  electroacoustic  efficiency 
of  the  transducer  is  in  excess  of  90  percent,  and  the  efficiency  increases 
with  the  rising  input  electric  power.  In  the  operating  load  mode,  efficiencies 
of  two  kinds  of  piezoelectric  transducers  are  preliminarily  measured  in  order 
to  explore  how  to  design  transducers  correctly.  One  table  lists  data  showing 
the  relationship  between: transducer  efficiency  and  input  power.  Five  figures 
show  measurements  of  transducer  efficiency;  relationship  between  electro¬ 
acoustic  efficiency  on  the  one  hand,  and  load  resistance  and  input  electric 
power,  on  the  other;  frequency  characteristic  of  electroacoustic  efficiency; 
and  efficiency  of  a  semiperf orated  structure,  wide  frequency  band  transducer. 
The  contents  of  the  paper  were  reported  at  the  1981  All  China  Power  Ultra¬ 
sonics  Conference.  This  paper  was  received  for  publication  on  7  March  1984. 
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APPLICATION  OF  ADAPTIVE  SEGMENTATION  TO  SIGNAL  ANALYSIS  IN  UNDERWATER 
ACOUSTICS 

Beijing  YINGYONG  SHENGXUE  [APPLIED  ACOUSTICS]  in  Chinese  Vol  4  No  4,  Oct  85 
pp  23-32 

[Article  by  Wu  Guoqing  [0702  0948  3237],  Institute  of  Acoustics,  Chinese 
Academy  of  Sciences] 

[Abstract]  The  paper  applies  the  Generalized  Likelihood  Ratio  (GLR) 
segmentation  technique  for  analyzing  underwater  echo  signals;  many  desirable 
results  are  obtained.  This  indicates  the  applicability  of  the  GLR  segmenta¬ 
tion  technique  in  processing  signals  obscured  by  noise.  The  paper  presents 
analytical  results  of  two  kinds  of  signals:  echo  waves  from  an  island  and 
from  a  submerged  object.  These  signals  are  obscured  by  strong  noises;  some 
signals  are  undetectable  by  human  ears.  However,  this  segmentation  technique 
is  capable  of  detecting  the  signal  boundary  and  determining  the  boundary 
position.  The  result  shows  the  prospects  of  the  linear  prediction  technique 
applied  in  processing  underwater  acoustic  signals.  Seven  figures  show  the 
detection  of  single  boundary,  short  segment  test,  power  change  test, 
segmentation  in  noise,  detection  of  signal  boundary  of  Island  echo  waves, 
echo  from  immersing  target,  and  weak  echo  from  Immersing  target.  The  first 
half  of  the  study  was  completed  by  the  author  when  he  did  research  work  at 
the  Southeastern  Massachusetts  University.  Professor  (Dr)  C.H.  Chen 
recommended  the  GLR  segmentation  technique.  Colleagues  at  the  laboratory 
No  1  of  the  Institute  of  Acoustics  made  recordings  of  the  marine  echo 
signals;  Zhang  Shuangrong  [1728  7175  2837]  inputted  the  simulated  signals 
into  a  computer.  The  author  expresses  his  gratitude  to  the  above-mentioned 
persons.  This  paper  was  received  for  publication  on  10  May  1984. 
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APPLICATION  OF  CLASS-D  POWER  AMPLIFIER  IN  UNDERWATER  SOUND  PROJECTOR 

Beijing  YINGYONG  SHENGXUE  [APPLIED  ACOUSTICS]  in  Chinese  Vol  4  No  4,  Oct  85 
pp  43-44,  42 

[Article  by  Sun  Enping  [1327  1869  5493],  Institute  of  Marine  Instruments, 

State  Oceanography  Bureau] 

[Abstract]  In  order  to  reduce  energy  consumption  (power)  and  raise  the 
operating  efficiency  of  the  underwater  sound  projector  by  emitting  relatively 
high  power  with  the  use  of  small  transistors,  it  is  more  desirable  to  use  a 
transistorized  class-D  power  amplifier.  Sufficient  proof  has  been  gained  in 
applications.  This  paper  presents  basic  circuit  characteristics  and  a  test 
method  using  circuits  as  examples.  The  class-D  power  amplifier  uses  a 
transistor  as  an  on-and-off  switch.  The  transistor  operates  in  the  saturation 
and  interruption  zones  of  the  volt-ampere  characteristic  curve.  Since  the 
saturated  voltage  drop  of  the  transistor  is  quite  low,  this  phenomenon 
reduces  the  transistor  power  consumption  to  a  minimum  and  raises  the  energy 
conversion  efficiency  of  the  amplifier.  Three  figures  show  electrical 
principle  of  power  surge  stage  and  power  amplification  stage  of  an  underwater 
acoustic  signal  transmitter,  matching  network  of  a  transducer,  and  electrical 
principle  of  power  testing.  This  paper  was  received  for  publication  on 
24  January  1984. 
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A  RAPID  HIGH  PRECISION  SIMULATION  METHOD  OF  CONTROL  SYSTEM  WITH  SATURATED  INPUT 

Beijing  YUHANG  XUEBAO  [JOURNAL  OF  THE  CHINESE  SOCIETY  OF  ASTRONAUTICS] 
in  Chinese  No  4,  31  Oct  85  pp  1-7 

[English  abstract  of  article  by  Wang  Zicai  [3769  1311  2088]  and  Ge  Wei 
[5514  5898]] 

[Text]  In  this  paper  a  method  for  simulation  of  a  linear  system  with  a 
saturated  nonlinear  element  is .presented .  Its  advantages  are  rapidity,  high 
precision,  large  step  length,  etc.  The  high  precision  was  achieved  by  means 
of  Mastascusa's  algorithm  and  the  saturated  nonlinear  element  was  divided 
into  different  linear  models. 

This  method  has  been  applied  to  the  simulation  of  a  missile's  longitudinal 
control  system  and  the  results  are  shown  to  be  satisfactory. 
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STUDY  OF  PREDICTION  OF  LIQUID  FUEL  CAPTURE  BY  FLAMEHOLDER  DOWNSTREAM  OF  PLAIN 
ORIFICE  INJECTOR  UNDER  UNIFORM  CROSS  AIR  FLOW 

Beijing  YUHANG  XUEBAO  [JOURNAL  OF  THE  CHINESE  SOCIETY  OF  ASTRONAUTICS] 
in  Chinese  No  4,  31  Oct  85  pp  8-15 

[English  abstract  of  article  by  Zhu  Junyong  [2612  0193  0516] ,  Jin  Rushan  [6855 
1172  1472]  and  Cao  Minghua  [2580  2494  7520]] 

[Text]  Based  bn  the  "flat-fan  spray  model"  and' "fuel,  capture  model"  proposed 
previously,  liquid  fuel  spray  captured  by  the  i/-gutter  flameholder  can  be  ^ 
predicted.  The  study  reported  in  the  present  paper  includes: 

(1)  The  effect  of  different  factors,  such  as  air  flow  parameters ,  injector 
pressure  drop  and  the  distance  between  the  V-gutter  and  injector  bn  fuel  spray 
capture  by  a  horizontally  positioned  flameholder  in  a  wide  range  of  parameters; 

(2)  A  comparison  between  the  fuel  spray  capture  by  horizontally  and  vertically 

positioned  flameholders;  ,  ,  '  , 

(3)  The  fuel  spray  capture  by  a  V-gutter  flameholder  positioned  between 
horizontal  and  vertical  installation; 

(4)  Fuel  spray  capture  by  a  V-gutter  from  an  injector  which  has  been  pbsitiohed 
with  partially  contra-stream  injection; 

(5)  The  correlation  for  maximum  fuel  spray  capture  is  obtained. 

Analysis  indicates  that  the  installation  angle  3  of  the  V-gutter  and  partial 
contra-stream  injection  angle  a  are  two  important  design  variables  in  control¬ 
ling  the  fuel  spray  capture. 
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A  STUDY  OF  THE  FRACTURE  OF  CARBON-CARBON  COMPOSITES 

Beijing  YUHANG  XUEBAO  [JOURNAL  6f  THE  CHINESE  SOCIETY  OF  ASTRONAUTICS] 
in  Chinese  No  4,  31  Oct  85  pp  40-48 

[English  abstract  of  article  by  Zhao  Jiaxiang  [6392  4471  4382]] 

[Text]  In  this  paper  the  effect  of  testing  parameters  on  the  values  of  the 
work-bf-fracture  of  carboh-carb^h  composites  is  studied,  and  the  testing 
parameters  for  measuring  the  work-of-fraeture  of  carbon-carbon  composites 
are  determined.  The  wprk-of-fracture  of  three  different  kinds  of  carbon- 
carbon  composites  (3D  orthogonal  fine  woven  carbon-carbon  composite,  carbon 
felt  reinforced  by  carbon  fibers  carbon-carbon  composite  and  semi-random 
chopped  fibers  carbon-carbon  composite)  is  measured  and  compared  with  those 
of  graphites,  glassy  carbons,  glass  and  fused  Si02.  The  characteristic 
features  of  fracture  for  the  different  carbon-carbon  composites  are  studied 
and  the  fracture  modes  and  propagation  of  cracks  as  well  as  the  weak  links 
are  pointed  out. 
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TEST  OF  HIGH  TEMPERATURE  BEHAVIOR  OF  IN-CORE  MINIATURE  DIRECT  CURRENT  FISSION 
CHAMBER  IN  REACTOR 

Beijing  HEDIANZIXUE  YU  TANCE  JISHU  [NUCLEAR  ELECTRONICS  AND  DETECTION 
TECHNOLOGY]  in  Chinese  Vol  5  No  5,  Sep  85  pp  271,273,  279 

[Article  by  Zhao  Xiuqing  [6392  4423  3237],  Beijing  Nuclear  Instrument  Plant] 

[Abstract]  The  paper  describes  the  test  status  of  the  high  temperature 
behavior  of  a  miniature  direct  current  fission  chamber  in  the  in-core  channel 
of  a  swimming  pool  type,  light  water  reactor  (LWR)  with  a  simple  gamma  heater, 
and  presents  the  saturation  properties  in  the  high  temperature  and  temperature 
cycle.  The  test  indicates  that  the  saturation  behavior,  and  cold  and  hot 
temperature  cycles  behavior  are  satisfactory  under  high  flux  irradiation.  High 
temperature  in-core  irradiation  tests  can  be  conducted  on  small  detector  and 
miniature  elements.  The  test  method  is  simple;  the  required  temperature  can  be 
obtained  by  adjusting  the  reactor  temperature  and  position  of  the  gamma  heater. 
The  relatively  lengthy  time  of.  high  temperature  irradiation  test  can  be 
performed  when  the  reactor  operates  at  constant  load.  However,  the  behavior 
test  at  different  detector  temperatures  cannot  be  conducted  for  a  constant  power 
reactor.  Three  tables  list  the  main  structure  parameters  and  performance  values 
of  a  fission  chamber,  temperature  data  on  the  gamma  heater  at  different  power 
ratings,  and  temperature  cycle  data  of  the  miniature  fission  chamber.  Six 
figures  show  a  high-temperature  test  setup,  the  structure  of  gamma  heater, 
measurement  of  average  current  in  the  fission  chamber,  temperature  cycle 
testing  setup,  and  saturation  curves  of  fission  chamber  at  a  high  temperature 
and  temperature  cycle.  The  author  is  grateful  to  Huang  Yucai  [7806  3768  2088], 
Gao  Chun  [7559  2504],  Wang  Wenzi  [3769  2429  3320],  Sun  Jinghai  [1327  2529  3189] 
and  Zhou  Dejun  [0719  1795  0689]  for  their  assistance. 
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A  FAST  LEADING-EDGE  PULSE  GENERATOR 

Beijing  HEDIANZIXUE  YU  TANGE  JISHU  [NUCLEAR  ELECTRONICS  AND  DETECTION 
TECHNOLOGY]  in  Chinese  Vol  5  No  5 ,  Sep  85  pp  294-297 

[Article  by  Wang  Rendao  [1769  0088  6670],  Institute  of  Modern  Physics,  Chinese 
Academy  of  Sciences] 

[Abstract]  The  pulse  generator  consists  of  ECL  semiconductor  integrated 
circuits,  high  speed  transistors  and  step  restorer  diodes,  among  others;  its 
circuitry  is  simple.  The  leading  edge  of  the  output  pulse  is  less  than  100  ps, 
and  the  output  impedance  is  50  iT  .  An  ECL  "four-wire  receiver"  connected  as  a 
closed  loop  circuit  is  used  in  the  oscillator  section  of  the  set.  The  pulse 
frequency  varies  as  low  as  (less  than)  10  Hz  and  as  high  as  100  MHz.  The 
control  of  pulse  width  is  based  on  the  subtraction  of  two  pulse  widths.  The 
output  pulse  width  may  be  less  than  10  ns  and  the  maximum  width  may  be  as  wide 
as  an  oscillator  half-cycle.  The  pulse  amplitude  is  continuously  adjustable 
from  i35  mV  to  15  V.  Seven  figures  show  the  operating  principle  of  the 
oscillator  stage,  a  simplified  logic  diagram,  waveforms  at  various  points, 
a  rectifier  circuit  in  the  first  stage,  positive  pulse  channel  circuit,  and 
an  adjustable  power  source.  The  paper  was  received  for  publication  on 
27  April  1984. 
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TYPE  GDB-110  LARGE  AREA,  FAST  RESPONSE  PHOTOMULTIPLIER 

Beijing  HEDIANZIXUE  YU  TANGE  JISHU  [NUCLEAR  ELECTRONICS  AND  DETECTION 
TECHNOLOGY]  in  Chinese  Vol  5  No  5,  Sep  85  pp  303-306 

[Article  by  Song  Yonglu  [1345  3057  4389],  Xu  Deqi  [1776  1795  4388],  Yu  Biao 
[0060  1753],  and  Li  Shou  [2621  0649],  Beijing  Nuclear  Instrument  Plant] 

[Abstract]  The  model  GDB-110  photomultiplier  is  a  tube  with  an  hyperbolic 
terminal  window  and  a  semi-transparent  blalkali  photocathode.  The  effective 
cathode  diameter  is  110  mm;  borosilicate  glass  is  used  for  the  window.  The 
optical  spectral  region  is  320  to  650  nm.  The  photomultiplier  has  high 
detection  efficiency,  high  response  speed,  and  large  increments.  The  voltage 
divider  of  model  GDB-110  is  designed  to  meet  performance  and  use  requirements; 
it  includes  model  A  and  B  voltage  dividers  as  shown  in  one  of  six  figures  in 
the  paper.  During  detection,  whether  scintillation  or  Cerenkov  radiation, 
the  radiation  intensity  is  very  low.  Therefore,  only  by  increasing  the 
photocathode  area  can  the  collection  efficiency  be  improved.  The  model  GDB-llO 
is  adaptable  to  the  above-mentioned  situation.  Five  remaining  figures  show 
the  outside  dimensions  of  the  photomultiplier;  the  relationships  between  anode 
luminosity  sensitivity  and 'operating  voltage,  and  between  time  and  voltage; 
single  electron  spectrum  and  noise  spectrum;  and  the  relationship  between  the 
secondary  emission  coefficient  and  interpole  voltage.  Two  tables  list  main 
technical  indexes  and  time  characteristics.  The  authors  are  grateful  to 
Li  Jin  [2^21  '6855]  of  the  Institute  of  Atomic  (Energy  of  the  Chinese  Academy 
of  Sciences,  and  Yang  Baozhong  '{2799  0202  0022]  of  rhe  .China  University  of 
Science  and  Technology. 
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